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DETERMINATION OF THE NITROGEN CONTENT OF 
CEREAL GRAIN BY COLORIMETRIC METHODS' 


A. C. JENNINGS 


ABSTRACT 


Two modifications of colorimetric methods previously published are pre- 
sented for the determination of cereal nitrogen content. In method 1, the 
nitrogen content of white-grained varieties of wheat and barley is determined 
by a modification of the biuret method (Pinckney). In this method, extraction 
of the protein and color development occur simultaneously in an alkaline 
copper tartrate solution. The use of potassium sodium tartrate in place of 
glycerol in the biuret reagent results in a 13% increase in sensitivity in this 
method. Those varieties of barley with blue-or black-colored aleurone layers 
may be conveniently analyzed by method 2 which involves treatment of the 
extract prepared by the biuret extraction procedure with Folin-Ciocalteu 
phenol reagent (Lowry et al.). The results from both methods are as repro- 
ducible as those obtained with the Kjeldahl method of nitrogen determina- 
tion. (Pinckney: Cereal Chem. 26: 423; 1949. Lowry et al.: J. Biol. Chem. 
193: 265; 1951.) 

The percentage of the total nitrogen content actually extracted into solu- 
tion in the extraction procedure common to both methods increases as the 
total nitrogen content increases. Plotting the extracted nitrogen instead of the 
total nitrogen against the colorimeter reading increases the degree of cofrela- 
tion to only a small extent. The amount of brown-colored material extracted 
by alkaline solutions from barley and wheat is much greater in the case of 
barley. The variation in the amount of this extracted brown material is great 
enough in the case of barley to lessen the degree of correlation between 
Kjeldahl nitrogen content and the color produced in method 1. The accuracy 
of method 2 is not affected by this extraneous brown color. 

The main factor causing imperfect correlation between Kjeldahl! nitrogen 
content and the color produced in both methods is the variation in the 
absorbance coefficients of the extracted proteins. 


Since, in this laboratory, a large number of determinations of total 
nitrogen content of both barley and wheat are required each year for 
plant-breeding purposes, it was decided to adopt colorimetric methods 
of analysis. Two methods are currently used and both methods are 
described in this paper. 


1Manuscript received June 3, 1960. Contribution from the Department of Agricultural Chemistry, 
Waite Agricultural Research Institute, University of Adelaide, South Australia. 
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Method | is the modification by Pinckney (as reported by Halloran 
and Moss, 3) of his original method (7), but using a modified extract- 
ing solution developed in this laboratory. This method is used for the 
analysis of red- and white-grained varieties of wheat and white- 
grained varieties of barley. 

Method 2 is an adaptation of the method of Lowry et al. (4) and is 
used for analysis of those varieties of barley which have black or blue 
hulls, pericarps, aleurone layers, or endosperm outer layers. This 
method may also be suitable for the analysis of dark-grained varieties 
of wheats. 

A study was made of some factors which could affect the reliability 
and accuracy of both methods. 


Suggested Methods, and Materials 
Extraction Procedure Common to Both Methods 


It has been found convenient to use the same reagents, apparatus, 
and procedures in both methods until the clarified extract has been 
obtained. 

Reagent. The modified biuret reagent used in the common extrac- 
tion procedure is prepared as follows: 15 ml. of a 10N potassium 
hydroxide solution and 2.5 g. of potassium sodium tartrate (A.R.) are 
dissolved in approximately 900 ml. of distilled water; 30 ml. of a 
4%, copper sulfate pentahydrate solution are then added slowly with 
continual mixing. Finally, the volume is made to | liter. 

Procedure. Portions of the samples, 500 + 5 mg., are weighed in 
a suitably shaped aluminum or plastic scoop on a rapid-weighing 
balance and then transferred to dry, wide-necked extraction bottles 
fitted with push-in plastic stoppers. The weighed portions are com- 
pletely wetted with 2 ml. of carbon tetrachloride. Then 50 ml. of the 
modified biuret reagent are added and the stoppered bottle shaken on 
a mechanical shaker for 60 minutes. Portions of the extracts are cen- 
trifuged for 10 to 15 minutes at 3,100 R.C.F. (4,500 r.p.m. in an 
M.S.E. Super Minor centrifuge?; Measuring and Scientific Equipment 
Ltd., 14/28 Spenser St., London $.W.1). 


Method 1° 


Procedure. The clarified extract obtained in the common extrac- 
tion procedure is read in a suitable colorimeter at 550 my (EEL 
colorimeter, filter O.G.R.1. or 625; Evans Electroselenium Ltd., 


*Mention of proprietary or trade names is not to be construed as an endorsement over other products 
of a similar nature, but is made for information purposes only. 
*Refer to Pinckney (3,7). 
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Harlow, Essex, England) between 105 and 150 minutes after the com- 
mencement of shaking. 


Method 


Reagents. Reagent A, 2% sodium carbonate in 0.1N sodium 
hydroxide solution. 

Reagent B, 0.59% copper sulfate pentahydrate in 1%, potassium 
sodium tartrate solution. The addition of a few drops of dilute sodi- 
um hydroxide solution is necessary to obtain a clear solution. 

Reagent C (alkaline copper solution). Mix 50 ml. of reagent A 
with | ml. of reagent B. Discard after | day. 

Reagent D (diluted Folin-Ciocalteu reagent). Dilute the Folin- 
Ciocalteu reagent (1) to make it 1N in acid. Folin-Ciocalteu reagent 
(1) can be obtained commercially, or it may be prepared as follows: 
reflux gently for 10 hours in a 1.5-liter flask a mixture consisting of 
100 g. sodium tungstate dihydrate, 25 g. sodium molybdate dihydrate, 
700 ml. water, 50 ml. 85% phosphoric acid, and 100 ml. concentrated 
hydrochloric acid. Add 150 g. lithium sulfate, 50 ml. water, and a 
few drops of bromine water. Boil the mixture for 15 minutes without 
the condenser to remove excess bromine. Cool, dilute to 1 liter, and 
filter. The reagent should have no greenish tint. (Determine the acid 
concentration of the reagent by titration with 1N sodium hydroxide 
to a phenolphthalein end point.) 

Procedure. Transfer, using a Lang-Levy automatic zero micropipet, 
0.100 ml. of the centrifuged extracts obtained by the extraction pro- 
cedure to test tubes, 6 in. by 5% in. Add 10 ml. of reagent C and mix. 
After at least 15 minutes, add | ml. of reagent D with immediate and 
vigorous mixing. Allow at least 30 minutes for full color develop- 
ment before reading in a suitable colorimeter at 760 mp (EEL colori- 
meter, filter O.R.I. or 608). 

Calculation of Results. A suitable number and range of samples, 
the nitrogen content of which has previously been determined by a 
Kjeldahl method on a moisture-free basis, are treated by the ap- 
propriate method above. The colorimeter readings are plotted 
against the corresponding percentage total nitrogen contents on a 
moisture-free basis and a line of best fit drawn by inspection or 
alternatively from a numerical analysis of the data. The relation be- 
tween nitrogen content and absorbance is linear in both methods. The 
unknown samples are then read off the line, the results being reported 
as percentage total nitrogen on moisture-free basis. Also, as pointed 
out (7), the value for nitrogen actually extracted may be substituted 


“Refer to Lowry et al. (3). 
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for percentage total nitrogen. The reproducibility of both procedures 
has been found to compare favorably with that of the Kjeldahl 
method of nitrogen determination, confirming claims made previously 
(3,7) for the biuret method. 

Table I shows the number of samples considered, the range of 
percentage nitrogen contents (on moisture-free basis) involved, 
correlation coefficient, the error® of the determination of the nitrogen 
content by the appropriate colorimetric method assuming that the 
nitrogen content as determined by the Kjeldahl method is correct, 
and the equation for the relation between °%, nitrogen content (on a 


TABLE I 


ACCURACY OF ESTIMATION OF NITROGEN IN WHEAT AND BARLEY SAMPLES BY 
MeETHops | AND 2 


Error or 
Covomi Metric 
DETERMINATION 
or Nrrnocen 
(+ % N(mfb)) 


% 


RECRESSION 
Equation 4 


CEREAL AND Rance oF 
Mernop® % N (mfb)® Courr. 


Wheat — | A , r = 0.987** 0.045 © N(mfb) = 0.883 C— 0.723 
Barley — | 1.82-3.22 r = 0.984** 0.062 %o N(mfb) = 0.884 C—_ 1.239 
Barley — | 1.16-3.63 r =0.997°* 0.062 N(mfb) = 5.141 A— 1.042 
Barley — 2 1. 3. 45 = 0.994** 0.066 N(mfb) = =1 087 1.013 


* In each case, 32 samples were treated by the appropriate method. 

*% Nimfb), percentage nitrogen content on moisture-free basis. The nitrogen content was determined 
in replicate by a macro-Kjeldahl procedure; the colorimetric values are the result of single 
determiuations. 

© The error was determined by the standard linear regression method. 

The regression showing the relation between and the colorimeter reading. In these 

equations, C = EEL colorimeter reading and A = absorbance (Unicam S.P. 600). 


moisture-free basis) and absorbance (or colorimeter reading) for 
some typical standard curves obtained during use of the methods. 


Comments on Procedures 


To facilitate the practical use of these methods, the following com- 
ments and suggestions are made. 

Grinding. The samples of whole wheat and barley are ground in 
a Christie and Norris Junior Laboratory Mill (Thos. Robinson and 
Son Ltd., Railway Works, Rochdale, Lancashire, England) with a 
I-mm. seive and placed in screw-top round sample bottles. 

Mixing. To allow adequate mixing, the sample should not occupy 
more than three-quarters of the volume of the bottle. The samples 
are mixed mechanically for at least | hour on a machine which con- 
sists of a series of parallel rollers (all driven in the same direction), 
mounted on a framework which tilts from side to side. Replicate 


®The error has been determined by the standard linear regression method. 
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nitrogen determinations on samples taken from the bottle without 
further mixing, whether by the Kjeldahl method or colorimetric 
methods, have always shown the usual degree of reproducibility asso- 
ciated with these methods. 

Shaking. The duration and method of shaking are not critical. 
The duration may vary from 30 to 120 minutes and the method may 
vary from gentle mixing to vigorous shaking without affecting the 
results. 

Discussion of Reagents and Procedures 

Advantages of the Methods. The considerable economies made in 
time, capital equipment, and maintenance costs with both methods 
outweigh, for many purposes, the loss in accuracy when the results 
obtained are compared with those obtained with the Kjeldahl method. 
Two operators can carry out over 200 determinations per day when 
using Pinckney’s method (3,7) as set out above in method 1, and 
about 120 determinations per day when using the procedure of Lowry 
et al. (4) as described in method 2. All the equipment and apparatus 
used is relatively inexpensive and readily available. 

Choice of Methods. Varieties of barley grain with blue- or black- 
pigmented hulls, pericarp, aleurone, or outer endosperm layers must 
be determined by method 2 since, in the extraction procedure com- 
mon to both methods, the naturally occurring color is extracted and 
absorbs strongly at the wave length of maximum absorbance of the 
copper-protein chelate. This causes large errors in method 1. In 
method 2 the original extract is diluted about 100 times, and the 
color developed with the Folin reagent is read at 760 my. 

Ordinary noncolored barleys may be used to derive the standard 
curve in method 2 without introducing any error in the determination 
of the nitrogen content of those varieties of barley with dark-colored 
grains. 

Moisture Content. Since the material for analysis for plant-breed- 
ing purposes is fully matured in the field before harvest and the 
moisture content of these samples is not normally required, variations 
in moisture content have been ignored. The moisture content of the 
majority of samples will fall very close to the mean of the whole 
harvest, and the variation of the remainder from the mean does not 
cause a serious error. 

Lipids and Turbidity. The extraction bottles must be dry to avoid 
formation of doughy lumps which are not subsequently wetted with 
carbon tetrachloride; the samples must be completely wetted with 
carbon tetrachloride to avoid turbidity from unextracted lipid ma- 
terial. 
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The Modified Reagent. The use of sodium hydroxide instead of 
potassium hydroxide in the reagent of method | is not recommended; 
the absorption characteristics of the reagents prepared with each 
alkali are identical, but, when barley or wheat samples are extracted 
with these reagents, the absorbances of the colors developed with the 
reagent prepared with sodium hydroxide are only 70% of those of 
the colors developed with the reagent prepared with potassium hy- 
droxide. Although several experiments were carried out to investigate 
this reproducible difference, no evidence can be presented to account 
for this phenomenon. 

Pinckney’s latest modification of his method (3) has been further 
modified in this laboratory by the use of potassium sodium tartrate 
(9,2) instead of glycerol. The use of potassium sodium tartrate has 
several advantages over glycerol in that it is virtually free of impur- 
ities giving rise to precipitation of cuprous oxide, and gives an in- 
crease in sensitivity since the copper tartrate chelate has a lower 
absorbance coefficient than the copper glycerol chelate, and also the 
copper tartrate chelate solution exhibits maximum absorbance at 
675 mp compared with 630 my for the copper glycerol chelate solution. 
This is shown in Fig. 1 where both reagents contained the same con- 
centrations of potassium hydroxide and of copper sulfate. The molar 
ratio of copper sulfate to sodium potassium tartrate was 1:1.8; that of 
copper sulfate to glycerol was 1:7.1. 

Since, as pointed out by Pinckney (7), copper is removed from the 
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Fig. 1. Absorption spectra of the biuret reagents prepared with potassium sodium 
tartrate and glycerol, of the biuret colors prepared from a sample of wheat and a 
sample of barley, and of the extraneous color developed in the absence of copper 
from these same samples of wheat and barley and also from a colored barley. 
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copper tartrate complex to react with the protein, the amount of 
copper tartrate present will decrease proportionally as the protein 
content of the test solution increases. The absorbance at 550 my will 
be the sum of the absorbances of the copper protein chelate, the re- 
maining copper tartrate chelate, and the extraneous color (see below). 
The smaller decrease in absorbance of the copper tartrate chelate as 
compared with the copper glycerol chelate on removal of a given 
amount of copper by protein results in a 13% increase in sensitivity, 
or a greater net increase in absorbance at 550 my for a given amount 
of protein. This may be illustrated by an experiment in which 32 
samples of wheat were treated with both reagents and the appropriate 
correlations determined. With the reagent prepared with potassium 
sodium tartrate, an increase of 1% in nitrogen content (on moisture- 
free basis) gave an increase in absorbance of 0.222, whereas with the 
reagent prepared with glycerol the same increase in nitrogen content 
gave an increase in absorbance of 0.196. The molar ratio of potassium 
sodium tartrate to copper sulfate (1.8:1) used in this laboratory is 
adequate to ensure stability of the reagent for several days at least. 
Since 11 liters of reagent are used per day, greater stability than this 
is not required. However, higher ratios of tartrate to copper may be 
used if desired. 


Method 2 — Extraction of Protein 


The method of Lowry et al. (4) is about 100 times more sensitive 
than the biuret method. To avoid undue weighing and sampling 
errors, it is advisable not to reduce the amount of grain sample taken 
for analysis below 500 mg. Since the biuret method as employed in 
this laboratory gives satisfactory extraction of the proteins, the follow- 
ing procedure has been adopted. The biuret color is first developed in 
the usual manner. After centrifuging, suitable portions (0.100 ml.) are 
treated by the procedure of Lowry et al. (4; see method 2). The biuret 
reagent is used for the extraction in preference to alkali alone, be- 
cause a larger proportion of the cereal protein present is soluble in 
this reagent. Although, theoretically, there is sufficient copper sulfate 
present in the portion taken to permit full color development in the 
method of Lowry et al. (4; see method 2) the use of reagent C yields 
more color than reagent A, the increase in absorbance being greater 
than the increase due to the reagent alone. 

Color Stability. In method 1, the samples are read between 105 
and 150 minutes after the commencement of shaking, as it has been 
found with both barley and wheat that there is a rapid decrease in 
absorbance at 550 my between 60 and 90 minutes after commence- 
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ment of shaking; no further change occurs between 105 and 150 
minutes, after which a gradual decrease in absorbance takes place. 
This differs from the findings of Pinckney (7) with wheat, of Robin- 
son and Hogden (8) and Mehl (5) with serum and other proteins, and 
of Jennings (unpublished) with ovalbumin. In these latter cases, how- 
ever, the prepared protein solution was subsequently treated with 
alkaline copper sulfate, whereas in the method described here the 
extraction of protein and color development occur simultaneously. 

It is necessary when using method 2 to adhere fairly closely to 
a convenient time schedule to avoid batch-to-batch variations in the 
absorbance of the developed colors. 

Instruments Used. The results reported in this paper have been 
obtained using either a Unicam SP600 Spectrophotometer (Unicam 
Instruments Ltd., Arbury Works, Cambridge, England) or an EEL 
Colorimeter. All readings in the Unicam SP600 Spectrophotometer 
have been made using cuvets of 2-cm. light path with distilled water 
in the reference cuvet, and in the EEL Colorimeter with the standard 
tubes (314 in. by 54 in. diameter) supplied with the instrument, again 
with distilled water in the reference tube. 


Investigation and Discussion of Factors Affecting Accuracy 


Extraneous Color. When plant materials are extracted with alka- 
line solutions a certain amount of extraneous brown color is usually 
associated with the alkaline extracts. This extraneous brown color is 
usually due to hemicelluloses, lignin, polyphenolic compounds, and 
natural pigments in the extract. The amount of this extraneous 
brown color in alkaline extracts of barley is much greater and more 
variable than in alkaline extracts of wheat. In neither barley nor 
wheat is the amount of this color related to total nitrogen or extract- 
able nitrogen content. The extraneous color was developed by extrac- 
tion of samples with 0.15N potassium hydroxide solution instead of 
the biuret reagent, using the recommended procedure. When read in 
cuvets of 2-cm. light path at 550 my, the range of the absorbances of 
the extraneous color of wheat was 0.029 to 0.041, with an average 
value of 0.035. 

The variability in this color in barley is large enough to lessen 
the degree of correlation obtained in method 1. The degree of correla- 
tion is improved and the error of the determination of nitrogen con- 
tent by method | is decreased if the absorbance of this extraneous 
color is subtracted from the absorbance of the biuret color and the 
difference (i.e., the color due to the copper protein chelate and the 
unreacted reagent) plotted against total nitrogen content, as shown 
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in Table I. Table II shows some typical absorbance values for the 
biuret color, the extraneous color, and the difference between these 
for white-grained samples of barley, and also values for two barleys 
with dark-colored grains. The values for the colored barleys are omit- 
ted from the calculations for the correlation coefficients, the errors of 
the determinations, and the equations showing the relationship be- 
tween nitrogen content and absorbance. The effect of this extraneous 


TABLE Il 


ABSORBANCE 


Barieys Biuret 
%oN (mfb)* Extraneous Minus 
Color Extraneous 

Color 


Biuret Color 


White-grained 

0.137 0.292 
367 
-132 
117 
125 
110 
148 
125 
127 
. 
660 
-116 682 


382 423 
0.531 0.709 


Error oF 
CovonimMerric 
DETERMINATION 
or Nrrrocen® 
(> %N(mfb)) 


Recression 
Equation4 


Biuret A vs. % N (mfb) = 5.350 A — 
% N (mfb) 1.103 
(Biuret A — extraneous A) ’ % N (mfb) = 5.300 A — 
vs. % N (mfb) ai 0.415 


* %N(mfb), percentage nitrogen content on moisture-free basis. 

» Excluded from correlation coefficient and other calculations. 

© The error was determined by the standard linear regression method. 

4The regression equation showing the relation between %N(mfb) and the absorbance (A) values in 
the calculated line of best fit. 


color becomes negligible in the method of Lowry et al. (4), as set out 
in method 2. This is demonstrated by the fact that when 0.15N 
potassium hydroxide extracts of barley and wheat and a preparation 
of ovalbumin are serially diluted and these dilutions are treated by 
the method of Lowry et al. (4), as set out in method 2, the resultant 


Py EFFECT OF EXTRANEOUS COLOR ON ACCURACY OF METHOD | i 

| | 

Colored” 

297 240 5 
ae 2.97 1.240 

Corr. 

Tee Coerr. 

| 

€ 

ig 

: 

ae 


NITROGEN IN GRAIN: BY COLORIMETRY Vol. 38 


plots of absorbance against nitrogen content very nearly coincide. 

Typical absorption spectra of the extraneous color (i.e., the color 
extracted by alkali in the absence of copper) from wheat, barley, and 
a barley with a black aleurone layer are shown in Fig. 1. Also in- 
cluded in Fig. 1 are the absorption spectra of the developed biuret 
color (using the modified reagent recommended above) from the 
same samples of wheat (2.96% nitrogen, moisture-free basis) and 
barley (1.86% nitrogen, moisture-free basis). The influence of the 
extraneous color on the shape and point of maximum absorption of 
the absorption spectra of the biuret colors derived from barley and 
wheat is shown in Fig. 1. 

Amount of Nitrogen Actually Extracted. The amount of nitrogen 
actually extracted (as determined by a micro-Kjeldahl procedure) by 
the recommended extraction procedure from 500-mg. portions (of ap- 
proximately 10% moisture content) of barley samples of varied total 
nitrogen contents was subtracted from that calculated to be present 
(allowance being made for the moisture content). 

The unextracted nitrogen was calculated as percentage of the 
original sample on a moisture-free basis. This figure was relatively 
constant and was not related to total nitrogen content. The unex- 
tracted nitrogen content covered the range 0.10 to 0.319% with an 
average value of 0.18%. (Any amide nitrogen liberated and lost from 
the extracts would be included in the figure for unextracted nitrogen.) 

This experiment was repeated, with omission of the copper sulfate 
and potassium sodium tartrate from the reagent. Similar results were 
obtained, except that the unextracted nitrogen content was higher, 
the average being 0.43% (moisture-free basis). 

As a result, in both these experiments a lower percentage of the 
total nitrogen present in the 500-mg. portion was extracted from 
barley samples of low total nitrogen content than from samples of 
high total nitrogen content. Table III shows the results obtained 
with a number of barley samples in these two experiments. The 
finding that greater amounts of barley proteins are brought into 
solution by alkaline copper sulfate solutions than by alkaline solu- 
tions alone is in accord with the work on corn proteins by Mertz 
and Bressani (6). However, the addition of sodium sulfite (6) had no 
effect on the amount of nitrogen extracted or the amount of biuret 
color produced under the conditions applied in the experiments re- 
ported in this paper. 

The results (Table ILI) were plotted as three curves: the amounts 
of nitrogen actually extracted, the amounts of nitrogen actually pres- 
ent, and the percentage nitrogen content on a moisture-free basis in 
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TABLE Ill 


UNEXTRACTABLE NITROGEN CONTENT AND PERCENTAGE OF TOTAL 
NITROGEN CONTENT EXTRACTED FROM BARLEY* 


NITROGEN 


Motsturs 
In 500 mg. Extracted Exrracrep Extractep 


mg meg 


1.16 10.9 5.17 ‘ , 0.89 
1.53 11.0 6.81 0.71 
\ 1.82 11.0 8.10 : J 1.02 
In absence of Cu tartrate 3! 1.75 
1.86 11.2 8.26 0.91 
2.10 10.7 9.38 . 95. 0.45 
\ 2.16 11.0 9.62 . ; 0.75 
7 In absence of Cu tartrate 9 R 1.69 
2.47 11.6 10.92 3 94.6 0.57 
2.51 11.2 11.14 
2.51 10.6 11.22 
) In absence of Cu tartrate 
2.53 10.3 11.35 
2.74 10.5 12.26 
} In absence of Cu tartrate 
3.02 10.6 13.50 12.42 
\ 3.22 10.5 14.41 13.59 
} In absence of Cu tartrate 12.47 
3.63 10.8 16.18 15.63 


* 500-mg. portions of barley were extracted by method 1. 
» %N(mfb), percentage nitrogen content on moisture-free basis. 


500-mg. portions of the same samples plotted against the absorbance 
of the colors produced in the biuret procedure. When the resultant 
plots were examined, the relative position of each sample to the other 
samples and to the relevant correlation curve was almost the same 
in each case. This shows that analytical results expressed on any of 
these three bases are directly comparable. The relevant correlation 
coefficient, the error of the determination of the nitrogen content by 
the colorimetric method, and the equation for the relation between 
nitrogen content and absorbance are given for each plot in Table IV. 

Moisture Variation. As Table IV shows, the variation in moisture 
content (which is normally ignored in both methods) has no signifi- 
cant effect on the relation between absorbance and nitrogen content 
in the biuret method. 

Absorbance Coefficient of Extracted Proteins. Variations in the 
amount of extraneous color produced, in the amounts of free amino 
acids and peptides present (which exhibit different spectral absorp- 
tion characteristics and absorbance coefficients to proteins in the 
biuret reaction), or in the amounts present of such compounds as 
nucleic acids, are unlikely to account for the entire deviation from 
the theoretical correlation curve. It has been shown that different 
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(mfb)> (mfb) Extract 

0.20 0.441 

0.16 500 

0.23 520 

0.40 107 

0.20 562 big 

0.10 628 

0.17 599 

Pi 0.38 

0.13 653 

0.13 652 

0.31 654 

0.49 

0.16 680 
0.25 710 

0.46 129 

0.22 .759 

0.18 .782 

0.44 121 

0.12 0.868 

| 
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TABLE Iv* 


RELATION BETWEEN ABSORBANCE (METHOD |) AND EXTRACTED 
NITROGEN AND TOTAL NITROGEN CONTENTS OF BARLEY 


ABSORBANCE 
or Broner Coron 
CORRELATED WITH: 


Cona. DereRMINATION 
Cozrr. or Nrrrocen” 
(> wc. N on 

(sare) ) 


me 


N extracted, mg. r= 0.994*°* 0.353 mg. N = (25.80A — 6.832) 
N present, mg. r = 0.993°°° 0.371 mg. N = (25.61A — 5.882) 
% N (mfb)* r = 0.992°°° 0.085  % N(mfb) = (5.716A — 1.302) 


* All values used in calculating these results were derived from Table Ill. 

» The error was determined by the standard linear regression method. 

© The regression equation showing the relation between nitrogen content and the absorbance (A) in 
the calculated line of best fit. 

4 &N(mfb) : percentage nitrogen content on moisture-free basis. 

* The difference between these two correlation coeffici is not statistically significant. 


types of proteins exhibit different absorbance coefficients in both the 
biuret reaction (2) and the method of Lowry et al. (4), and it is sug- 
gested that differences in protein type and structure in the various 
varieties of wheat and barley account largely for nonperfect correla- 
tion in both methods. The examination of correlation curves, each 


derived from samples of several barley varieties, showed that each 
variety, regardless of nitrogen content, tended to maintain the same 
relative position to the correlation curve. For example, the proteins 
from Prior, Bonus, and Triple-Awned Lemma barleys showed absor- 
bance coefficients which were respectively lower than, higher than, and 
very close to the mean absorbance coefficient of all barley varieties. 
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A METHOD FOR THE DETERMINATION OF RELATIVE 

AMOUNTS OF MALTED-WHEAT, FUNGAL (Aspergillus oryzae) 

AND BACTERIAL (Bacillus subtilis) ALPHA-AMYLASE IN MIX- 
TURES, AND ITS APPLICATION TO MALTED WHEAT' 


James R. FLEMING, Byron S. MILLER, AND JOHN A. JOHNSON 


ABSTRACT 


A method to determine relative amounts of malted-wheat, fungal 
(Aspergillus oryzae), and bacterial (Bacillus subtilis) alpha-amylase activities 
in mixtures is presented. The method depends on differences in the thermo- 
stability of the three types of amylases and the use of simultaneous algebraic 
equations to calculate the percentages. Results of analyses of known mixtures 
of the three sources agree well with known composition. 

The presence of fungal alpha-amylase in malted wheat was closely re- 
lated to the observed development of molds. There was little bacterial alpha- 
amylase in any of the malted wheats. The evidence suggests that contribu- 
tion of the fungus to the total alpha-amylase activity of malted wheat is due 
to the production of fungal alpha-amylase, and not to gibberellic acid which 
could stimulate the production of cereal alpha-amylase. Up to 15% of the 
amylolytic activity of moldy malted wheat was due to fungal alpha- 
amylase. 


Infestation of cereals by microorganisms is almost universal, and 
the moist conditions prevalent during malting are optimal for devel- 
opment of the hydrophilic segment of microflora. Most prior studies 
have been concerned mainly with detecting (13) and controlling (4,9) 
microorganisms during malting and the effects of selected organisms 
on malt properties (11). Little information is available concerning 
the amounts of alpha-amylase contributed by fungi and bacteria. 
Knight (7) used the difference in the thermostability of fungal and 
cereal alpha-amylase to detect and estimate in other than SKB units 
the amount of fungal alpha-amylase which had been added to flours. 


1Manuscript received March 31, 1961. Presented at the 46th annual meeting, Dallas, Texas, April 
1961. Contribution No. 352, Department of Flour and Feed Milling Industries, Kansas Agricultural 
Experiment Station, Manhattan. A report of work done under contract with the U.S. Department of 
Agriculture and authorized by the Research and Marketing Act. This contract was supervised by the 
Northern Utilization Research and Development Division with the co-operation of the Crops Research 
Division, Agricultural Research Service. 


4 
: 
@ 


480 ALPHA-AMYLASE IN MIXTURES Vol. 38 


No method which permits the detection of bacterial alpha-amylase 
in mixtures has been found in the literature. 

Miller, Johnson, and Palmer (8) compared the thermostability of 
fungal, bacterial, and malted wheat flour alpha-amylase. Bacterial 
(Bacillus subtilis) alpha-amylase was the most thermostable, cereal 
alpha-amylase possessed intermediate thermostability, and fungal 
(Aspergillus oryzae) alpha-amylase was the least thermostable. The 
purpose of the present study has been to devise a procedure for the 
determination of relative amounts of cereal, fungal, and bacterial 
alpha-amylase in mixtures and to apply this method to malted wheat. 


Materials and Methods 


The sources of alpha-amylase used in this investigation consisted 
of several experimentally produced wheat malts (3), a fungal prepara- 
tion (Aspergillus oryzae),*,> and a bacterial preparation (Bacillus 
subtilis)*. A standard malted wheat essentially free of mold was 
prepared by steeping the grain in 0.05% formaldehyde solution dur- 
ing the last hour of the steep period before germination (4). 

Malts of Redlan sorghum, Kanota oats, Kindred barley, an 
unnamed white corn, and a hard red winter wheat were prepared 
under comparable conditions (germinated at 62°F. for 4 days) in 
order that the thermostability of alpha-amylases of these cereals 
could be compared. The alpha-amylase activities of these five malted 
cereals were 90, 68, 149, 51, and 161 SKB units per g., respectively. 

Alpha-amylase activity was determined by a modified Wohlgemuth 
procedure (method 1A) of Hagberg (5). This procedure makes possible 
the rapid detection of small quantities of alpha-amylase and the 
expression of activities in terms of the familiar SKB units. 

The procedure was as follows: Extracts of malted-wheat, fungal 
and bacterial alpha-amylases were diluted to 470 ml. with distilled 
water and 25 ml. of a sodium acetate-acetic acid buffer. The buffer 
was made by mixing 40 ml. of a 4.0 molar solution of glacial acetic 
acid with 460 ml. of a 4.0 molar solution of anhydrous sodium acetate. 
The final pH of the buffered enzyme solutions, which also contained 
0.2%, calcium chloride, was 5.55. The initial alpha-amylase activity 
of the mixtures ranged from 50 to 600 SKB units per 470 ml. of 
liquid. Fifty grams of flour were added to a duplicate series of the 
diluted extracts because of the known stabilizing effect of substrates 


2 Rhozyme-33 is a fungal and Rhozyme-39 a bacterial concentrate. (Rohm and Haas Co., Philadelphia, 
Pennsylvania.) 

*The mention in this publication of a trade product, equipment, or a commercial company does not 
imply its endorsement by the U.S. Department of Agriculture over similar products or companies not 
named. 
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on certain enzymes (8). Both series of extracts were heated in an 
amylograph and aliquots were removed at 30° and at 5°C. intervals 
from 60° to 95°C. 

Aliquots were immediately chilled in an ice-water bath, centrifuged 
when necessary, and analyzed for alpha-amylase. 


Results and Discussion 
The data in Table I, representing the average of eight replicate 


TABLE I 


RELATIVE THERMOSTABILITY OF MOLD-FREE MALTED-WHEAT, FUNGAL, AND 
BACTERIAL ALPHA-AMYLASES 


Enzyme Rerainep Enzyme Rerainep with 
Presence or No Fiour Present 
Malted-W heat Fungal Bacterial 


Malted-Wheat Fungal Bacterial 


% % % 


100 100 100 
100 53.6 100 
60.0 3.7 100 
26.0 1.0 94 
16 d 60 


21 


experiments, indicate a pronounced difference in the stability of the 
various alpha-amylases to heat. Fungal alpha-amylase was the most 
thermolabile and the bacterial enzyme the most stable. The data 
agree with those reported previously (8) when this same procedure 
was employed. As also shown previously, the presence of flour had 
relatively little effect on the thermostability of wheat-malt and fungal 
amylases, but had a pronounced protective effect on the bacterial 
amylase at temperatures above 80°C. Adding flour to all enzyme 
extracts was adopted as a routine practice in this study. 

Knight (7) reported a measurable decrease in wheat-malt alpha- 
amylase heated at 68°C. for 30 minutes. In the present work, there 
was no decrease at 70°C. This difference is probably due to the 
rapid heating (1.5°C. per minute) in the amylograph. It could be 
partly due to the presence of fungal amylase in the malt used by 
Knight (7). In the present work, fungi were eliminated by the use of 
a formaldehyde treatment (4). 


| 

: 65 100 100 100 

70 100 54.0 100 

75 58.0 5.0 100 

80 28.0 16 100 

85 2.1 95.0 

%5 18.0 7 

Std. Dev. 

65 0.8 04 0.8 1.0 04 0 a 

70 0.2 25 0.8 18 26 25 Ay 

15 3.1 0.2 1.0 26 05 2.0 

af 80 3.4 0.1 04 2.8 13 1.7 es 

85 0.4 3.5 03 3.6 
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The data in Table I suggest that it should be possible to deter- 
mine the relative amounts of each enzyme by the use of simultaneous 
equations. The percentages of each type of alpha-amylase remaining 
after heating at three temperatures are used as coefficients. The 
activity of all three alpha-amylases was 100% at 65°C., thus: 

C + F + B = total activity 
where C represents the contribution of cereal (wheat-malt) alpha- 
amylase, F that of fungal alpha-amylase, and B that of bacterial 
alpha-amylase to the total activity. At 70°C. only 54% of the fungal 
alpha-amylase is retained, thus: 
C + 0.54 F + B = total activity 

Similarly, at 75°C., 58% of the cereal and 5% of the fungal alpha- 
amylase are retained, thus: 

0.58 C + 0.05 F + B = total activity 
The amount of each type of alpha-amylase present in a given enzyme 
mixture may be determined by solving for the unknowns in the 
three simultaneous equations. Since the thermostability of malted- 
wheat alpha-amylase may be somewhat different from that of other 
cereals, thermostability data for the amylase in these cereals should 
be obtained before attempting to apply this method. 

The proposed method was tested by analyzing mixtures of the 
three enzymes. The amount of each component varied from 5 to 90% 
of the total. The data given in Table II, which were obtained by 


TABLE II 


MEASURED AND CALCULATED AMOUNTS* OF MALTED-WHEAT, FUNGAL, AND BACTERIAL 
ALPHA-AMYLASE IN KNOWN MIXTURES 


Macreo- Funcar 


Toran 
Acriviry Added Found Found Added Found 


SKB units / % 
81.8 
78.8 
65.8 
56.5 
49.0 


* Percent of total alpha-amylase activity. 


4 
% % % % 
15.0 15.4 5.0 28 4 
10.0 10.4 10.0 10.8 3 
5.0 4.2 25.0 30.0 
20.0 21.3 20.0 22.2 a 
30.0 30.6 20.0 20.4 a 
156 50.0 47.7 20.0 20.9 30.0 37.4 
150 33.3 31.5 33.3 33.3 33.3 35.2 
156 30.0 28.5 30.0 30.8 40.0 40.7 
156 20.0 23.7 40.0 40.4 40.0 35.9 
; 150 10.0 12.0 45.0 43.5 45.0 44.5 : 
146 5.0 95 45.0 41.8 50.0 48.7 ' 
154 10.0 92 80.0 80.5 10.0 10.3 
20.0 20.8 60.0 58.2 20.0 21.0 
150 10.0 10.0 10.0 10.1 80.0 799 
153 20.0 20.9 20.0 19.6 60.0 59.5 ri 
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TABLE Ul 


RELATIVE AMOUNTS OF MALTED-WHEAT, FUNGAL, AND BACTERIAL ALPHA-AMYLASE 
IN MALTS DIFFERING IN THEIR CONTAMINATION WITH MOLD 


M Tora Atpwa-AmyYLase Activity 


Matt Saris At 65°C. At 70°C. At 75°C. 


SKB units/g SKB units/g SKB units/g %o* %o* 


Slight 140.0 138.4 79.2 0.3 
Slight 148.0 145.5 83.0 J 3. 03 
Slight 145.0 . 78.7 0 

Moderate 145.0 . 79.7 0.6 
Heavy 139.7 33. 73.3 . . 0.1 
Heavy 152.7 5. 798 0.4 
82.2 t J 0.3 


Very heavy 163.3 


*Percent of total activity. 


more than one operator at different times, show the distribution of 
the three sources of alpha-amylase in the mixtures. The amount of 
alpha-amylase “found” in each mixture in most instances agreed 
with the “known” amount within acceptable experimental limits. 
Since the activity of fungal amylase decreases very rapidly between 
65° and 75°C. and that of malt amylase between 75° and 85°C., 
samples must be withdrawn and cooled rapidly according to the same 
fixed experimental procedure for both known and unknown sample 
mixtures. 

The data in Table III show the relative amounts of cereal, 
fungal, and bacterial alpha-amylase in a series of malted wheats 
which differed in apparent moldiness. The most heavily infested 
samples were produced deliberately by introducing a small quantity 
of moldy wheat at the start of the germination period. These malts 
were comparable in moldiness to some other samples produced in a 
prior investigation (3). In general, the malts which appeared to be 
the least contaminated by mold contained the least fungal amylase. 
The amount of bacterial alpha-amylase found was slight in all in- 
stances. This finding agrees with observations made during an earlier 
study (4) when malts were tested for microorganisms by use of 
sterile malt agar plates. 

The relatrve amounts of fungal alpha-amylase found in malted 
wheats (Table III), particularly those in which mold growth was 
moderate to heavy, agree with data by Prentice and Sloey (11) which 
were obtained after intentionally adding fungi during malting. While 
Sheneman and Hollenbeck (13) found appreciable numbers of bac- 
teria present during malting of barley, Prentice and Sloey (11) found 
that bacteria added deliberately during the malting process caused 
no significant increase in alpha-amylase activity of finished malt. 
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The present data confirm those of Prentice and Sloey (11) and 
Sheneman and Hollenbeck (13). 

Prentice and Sloey (11) suggested that the increase in total! alpha- 
amylase activity of cereal malts in which there was an associated 
development of mold might be due either to the action of fungus- 
produced gibberellins or to the production of fungal alpha-amylase. 
Fleming and Johnson (2) have shown that growth of beta-amylase 
and acrospires increases in malt under the influence of gibberellins 
The lack of 1) a significant increase in beta-amylase activity and 
2) a stimulating effect on acrospire growth obtained by Prentice and 
Sloey (11) militates for the possibility that the increased alpha-amylase 
and protease activities could be due to stimulation by fungus-produced 
gibberellins. It was established in the present study that up to 15% 
of the alpha-amylase in moldy malted wheat was of fungal origin. 

The coefficients in the equations used for measuring the relative 
amounts of cereal, fungal, and bacterial alpha-amylase may be strictly 
valid only for malted wheat and the specific Aspergillus oryzae and 
Bacillus subtilis preparations studied. Similar data, however, can be 
obtained for other sources of the enzyme. Conn, Johnson, and Miller 
(1) demonstrated that the thermostability was not the same for 
different sources of bacterial amylase, but no data are available for 


different sources of fungal amylase. Data concerning the thermo- 
stability of different cereal alpha-amylases are given in Table IV. 
They represent triplicate analyses. All of the cereal alpha-amylases, 
with the exception of that from oats, were stable at temperatures up 
to 70°C. under the established conditions. Sorghum and barley 


TABLE IV 
RELATIVE THERMOSTABILITY OF MALTED-CEREAL ALPHA-AMYLASES 


Enzyme Activery in Tue Presence of Froun 
. 
Sorghum Barley 


| 
% % % % % 
60 100 100 100 100 100 3 
65 100 100 98.4 100 100 
70 100 100 92.2 100 100 “a 
75 58.0 636 53.9 61.3 59.0 
80 28.0 33.6 215 33.8 27.8 uf 
85 21 40 3.1 44 27 
60 0 0 0 0 0 f 
65 08 13 04 0 0 
70 0.2 13 1.9 0 0 | 
75 $.1 2.1 05 16 3.0 
80 3.4 04 08 06 40 4 
. 85 04 04 0.1 2.1 1.3 ; 
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alpha-amylases were slightly more stable than those of wheat and 
corn at 75°C.; that of oats was less stable. The same trend was 
observed at 80°C. These data do not agree with those of Kneen (6), 
who reported that sorghum alpha-amylase was less stable than that 
of barley. 

Pronin (12), contrary to the present work, indicated that wheat- 
malt alpha-amylase was more stable then barley alpha-amylase. This 
could be due to differences in malting procedure, heat-inactivation 
procedure, or varietal response. Kneen (6) found a difference in the 
stability of alpha-amylase of sorghum malts produced from different 
varieties. The data in Table V pertaining to two varieties of hard 
red winter wheat (Triumph and Bison), and one variety each of hard. 
red spring (Rescue), durum (Cernum), and white winter wheat 
(Brevor) indicate that varietal differences, though slight, might be 
enough to account, in part, for the differences obtained by different 
workers. The problem of comparing stabilities of alpha-amylase from 
malts of varying origins may be complicated by the effect of kilning 
conditions. Preece (10) found that high kilning temperatures increased 
the sensitivity of heat of malted-barley alpha-amylase. Differences in 
other phases of the malting procedure may also explain part of the 
differences obtained in different laboratories. In the present investi- 
gation the heating was uniform at a fixed rate in an amylograph. 
Other means of heating were likely employed by the other workers 
(6,12). 

The present data and those of others (6,10,12) serve to emphasize 
the necessity for strict control of many variables in order to apply 
the proposed method of analysis. After suitable preliminary investiga- 
tions based on the principle of the present method, the technique 
can be applied to many specific problems. A general application 
might be for measuring the amount of fungal amylase in flour where 
such supplementation is permitted. 


TABLE V 
Errecr OF WHEAT VARIETY ON THE THERMOSTABILITY OF MALTED WHEAT 
ALPHA-AMYLASE 


70 
75 
80 


*Percent vf original alpha-amylase activity. 


a 

Vas'ery 

ey Triumph Bison Rescue Vernum Brevor os 

pi 65 100 100 100 100 100 ao 

_— 100 100 99.3 100 98.8 ee 

58.1 60.0 58.1 60.0 56.2 

aa 28.1 29.9 26.9 29.4 25.7 oe 

on 

as 
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CHLORIDE CONTENT OF CAKE FLOURS 
AND FLOUR FRACTIONS' 


F. 


ABSTRACT 


Unbleached cake flours contained 43 to 54 mg. chloride per 100 g. flour. 
Over 60%, of this chloride appeared in the water-solubles. The other fractions 
were very low in chloride content. However, the prime starch, which often 
amounted to over 70%, of the flour in these low-protein cake flours, contained 
20 to 25% of the flour chloride. 

Chlorine-bleached cake flours contained 131 to 189 mg. chloride per 100 g. 
flour. Nearly all this increased chloride was in and rather equally divided 
between the water-solubles and the gluten. The tailings contained a small 
part of the increased chloride, and the prime starch had very little of the 
increase. The chloride of the bleached water-solubles appeared almost en- 
tirely in the low-molecular-weight part. More than half of the chloride of the 
bleached gluten was held in the lipids, but the protein residue retained sub- 
stantial amounts. 

In a cake flour treated with chlorine at five different levels, the increased 
chloride appeared chiefly in and about equally divided at all levels between 
the water-solubles and the gluten. The tailings gained chloride slowly. The 
prime starch did not show any consistent increase. 

An improvement in an acetic acid fractionation procedure for flour was 
made by recovering the soluble protein from the supernatant by dialysis and 


lyophilization. This made possible 98 to 99% recoveries of dry matter and 
protein. 


Today practically all cake flours are bleached with chlorine or 
some blend of gases in which chlorine is the principal constituent, 
but very little is known of the chemistry involved. Earlier work at 
this laboratory (16) had shown that bleached prime starch was respon- 
sible for most of the improvement from bleaching, but that bleached 
gluten accounted for some. 

The determination of the chloride content of bleached prime 
starch compared to that of unbleached prime starch was the first ob- 
jective of the present study. After preliminary work showed that 
bleached prime starch had a very low chloride content, the study was 
extended to the other fractions. About 150 to 200 mg. of chlorine are 
required to bleach 100 g. of flour to a pH of 4.8, and the fate of that 
chlorine after bleaching is the subject of this paper. 

Several earlier workers determined the chloride content of flours. 
Bailey (2) has reviewed the earlier work. Utt (21), in 1914, obtained 


a Manuscript received December 27, 1960. Contribution from the Western Wheat A Laboratory, 
Department of Agricultural Chemistry, Washington Agricultural Experiment Stati State 
University; and Crops Research Division, Agricultural Research Service, U.S. eh, of Agriculture. 
Scientific Paper No. 2024, Washington Agricaltural Experiment Stations, Pu 

2 Chemist, Western Wheat Quality Laboratory, Crops Research Division, 
Service, U.S. Department of Agriculture, Pullman, Washington. 
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samples of the same flours before and after chlorine bleaching in a 
Kansas flour mill. He found chloride contents ranging from 0.044 to 
0.58% — this is equivalent to 44 to 58 mg. chloride per 100 g. flour — 
for unbleached flours and from 0.065 to 0.097% for bleached flours. 
These flours were evidently intended for bread-baking, and the level 
of chlorine treatment probably was lower than that used today for cake 
flours, since one authority (9) quoted levels of 1 to 2 oz. per 280 Ib. 
for bread flours and 4 to 5 oz. for cake flours. Sullivan and Howe (19) 
reported 0.051% for an unbleached patent flour from a hard spring 
wheat. Pap (12) found that 32 Hungarian flours ranged from 0.060 
to 0.074%; it is not clear whether all these flours were unbleached. 
Damiens and Blaignan (5) obtained 43 to 77 mg. chloride per 100 g. 
flour. 
Materials and Methods 

Flours. Both commercial and laboratory-milled cake flours were 
used in this study. The commercial cake flours were included in each 
experiment. The first lot of commercial cake flour, from the 1957 
crop, became depleted during this study; another lot, from the 1959 
crop, was obtained. Both lots were milled from western soft wheats. 
Each lot contained an unbleached flour and a flour bleached at the 
mill with chlorine to pH 4.8. 

The laboratory flours were prepared by combining the first two 
break streams and the first two reduction streams from a Buhler mill 
and passing the composite through a 200-mesh stainless-steel screen. 
One laboratory flour was milled from Brevor wheat, a soft, white 
common variety; and the other was from Elmar, a club wheat. Both 
varieties have good cake-baking quality. These flours were similar in 
particle size distribution to the commercial cake flour and yielded 
layer cakes of similar volume and texture. 

Flour Bleaching. A portion (400 g.) of each laboratory-milled flour 
was treated in a laboratory bleacher at room temperature (72°F.) 
with chlorine gas of 99.5% purity. The flour was placed in the bleach- 
er, the bleacher was evacuated to about 400 mm. mercury, the chlorine 
was introduced over a period of | minute with agitation, and agita- 
tion was continued for 4 minutes. Before the desired flour was treated, 
several preliminary batches were bleached and discarded; this was to 


remove air from most of the apparatus. The results obtained were: 
After Bleaching 


Before Bleaching 


Flour Chlorine pH at 
Moisture Protein pH Fraction- 
ation 
Brevor 12.1 69 5.82 200 4.92 28 4.84 
Elmar 12.3 74 5.84 220 4.83 5 481 
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Portions (500 g.) of the 1959 unbleached commercial cake flour 
were bleached at five different levels in the laboratory bleacher. This 
flour had a moisture content of 12.6%, a protein content of 6.87% 
at 12.6% moisture, and an initial pH of 5.91. The results obtained 
were: 


pH At Fractionation 
Chlorine Immediately — 
after Bleaching pH after Bleaching 

days 
48 5.58 5.50 2 
96 5.24 5.22 6 
144 5.05 4.90 8 
192 4.79 4A4l 18 
240 440 4.22 15 


About 190 mg. of chlorine per 100 g. flour would have given a pH 
of 4.8 at the time of bleaching, and about 154 mg. of chlorine would 
have resulted in a pH of 4.8 after | or more weeks of storage. 

Flour Fractionation. All fractionations but one were made by a 
modification of the acetic acid extraction procedures (14,15). Con- 
centration of the water-extract was omitted, and a dry product was 
obtained by shelling and lyophilizing the water-extract. The suspen- 
sion of bleached flour and distilled water was adjusted to pH 6.0 (15). 
The gluten that precipitated was obtained, and, in addition, the 
soluble protein remaining in the supernatant, after neutralization 
and centrifugation, was recovered. 

The recovery of soluble protein was made by dialysis followed 
by lyophilization. The unconcentrated supernatant (pH about 6.0) 
was dialyzed against distilled water with changes of water at 2-hour 
intervals four times each day for 2 days. In one experiment, a large 
volume of supernatant was divided into four equal portions, and 
portions were dialyzed for two, four, six, and eight changes of water. 
The soluble protein was recovered and analyzed. The results were: 


Times Water Weight Percent Amount Protein 
Changed Recovered Protein Recovered 
% 
2 0.66 34.7 0.23 
4 0.52 43.8 0.23 
6 0.46 52.3 0.24 
8 041 62.0 0.25 


The two fractions containing most of the chloride were further 
subdivided. The water-solubles were separated into the alcohol- 
solubles (low-molecular-weight materials as sugars and amino acids) 
and the alcohol-insolubles (water-soluble proteins and polysaccharides) 
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(17). The water-extracts from several flours were prepared, and each 
was divided into two equal parts. One part was poured into three 
volumes of ethanol (17). The alcohol-insolubles were removed by 
centrifuging and redissolved in water. Aliquots of these solutions 
and of the supernatants (alcohol-soluble material) were analyzed for 
dry matter and chloride, From these two values the percent chloride 
was calculated. Aliquots of the original water-extract were likewise 
analyzed. 

The glutens were separated into the lipid portion and the pro- 
tein residue by extracting with water-saturated normal butanol (11). 
Aliquots of the entire butanol extract (crude lipids) were taken, and 
the butanol evaporated on the steam bath. Chloride was determined 
on the crude lipids. For dry matter, the lipids and the protein residue 
were dried at 100°C. under vacuum for 4 hours, 

One fractionation was made by the doughing procedure developed 
by Udy (20) so that fractions from a separation in which acid was not 
used might be compared with the fractions from the acetic acid 
separations. This was with the unbleached cake flour; all attempts to 
fractionate bleached cake flour by doughing were unsuccessful. 

Analytical Methods. Moisture, protein, and pH were determined 
by conventional methods (1,10). Particle size measurements were 
made by a sedimentation method (15). 

Determination of total chloride on a macro scale used ashing for 
digestion. Samples of 5 g. for flours, prime starches, and tailings and 
1 g. for water-solubles and glutens were slurried with 25 ml. of 2% 
potassium carbonate to prevent loss of chloride (8,19,21), dried on 
the steam bath, and ashed for 2 hours at 550°C. (8). The ashed sam- 
ples were transferred to beakers with 5 ml. of 1.5N nitric acid and 
50 ml. distilled water, and a conventional gravimetric determination 
was used (13). Final precipitates ranging from 10 to 50 mg. of silver 
chloride were obtained except with starches, tailings, and unbleached 
glutens. 

Determination of total chloride on a micro scale required 1 to 
100, of chloride. These quantities were obtained through either ash- 
ing, Carius digestions, or Schéniger combustions. For ashing, samples 
of 100 mg. were slurried with 6 ml. of 2% potassium carbonate, dried, 
and ashed for 2 hours at 550°C. (8). The residues were transferred 
with 5 ml. 1.5N nitric acid and distilled water to either beakers or 
50-ml. volumetric flasks. Carius digestions were made by a conven- 
tional method (18). Samples of 50 mg. plus 0.5 ml. fuming nitric acid 
were sealed in glass tubes and heated inside water-pipe bombs for 2 
hours at 250°C. The residues were transferred with distilled water to 
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beakers or volumetric flasks. Schéniger combustions were carried 
out in a commercial apparatus*. Samples of 50 mg. were burned 
in oxygen and transferred to beakers or volumetric flasks. 

Some of the methods available for determination of chloride on 
a micro scale have been reviewed by Gunther and Blinn (6). Potentio- 
metric determination followed closely the method of Helmkamp et al. 
(6,7). Best results were obtained when the silver electrode was cleaned 
and recoated each day with silver chloride. Measurements of mv. 
were made with a student potentiometer* and a sensitive galvanom- 
eter. The colorimetric determination was that of Bergmann and 
Sanik (3) adapted to a final volume of 59 ml. 


Results 


Flour Fractionation. The earlier acetic acid extraction procedures 
for flour fractionation (14,15) gave 97 to 99% recoveries of dry 
materials but only 83 to 87% recoveries of flour protein for cookie 
flours and as low as 79% protein recovery for a bleached cake flour. 
In the present study, the recovery of the protein remaining soluble 
after neutralization substantially increased the recovery of flour 
protein, as shown in Table I; 98 to 99% of the protein can be 
recovered by careful work. Table I also shows the yields and protein 
contents of the fractions and the protein contents of the original 
flours. 


TABLE I 


1959 CommenctaL 


1959 ComMERCIAL 1959 Commenctat Unsieacnep Fiour: 
Unsieacnep Frour Bieacuep Fiour Dovucaine 
Procepure 
Yield*® Protein” Yield Protein Yield Protein 
% % % 
Flour 100.0 6.76 100.0 6.59 100.0 6.76 
Fractions 
Water-solubles 4.1 17.7 89 154 45 18.5 
Gluten 6.7 69.2 64 652 56 646 
Soluble protein 13 655.9 18 564 
Tailings starch 13.2 3.01 15.0 3.08 218 9.15 
Prime starch 74.3 0.30 726 0.32 67.4 0.28 
Dry matter recovery, % 99.6 99.7 99.3 
Protein recovery, % 99.5 


* Grams at 14% moisture from 100.0 g. flour at 14% moisture. 
> At 14% moisture. 


* Arthur H. Thomas Co., Philadelphia, Pa. Mention of firm names or trade products does not 
constitute endorsement by the U.S. Department of Agriculture over others of a similar nature not mentioned. 
*No. 83411, Central Scientific Co., Chicago, Ml. 
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TABLE Il 


CHLORIDE CONTENTS OBTAINED BY DIFFERENT ANALYTICAL METHODS 
FOR A BLEACHED CAKE FLOUR AND Its FRACTIONS 


Asninc ASHING Comsaus- Comaus- 
Pius tion tion Pius 
Gravi- Porentio- Porentio- 
MarTeRiat METRIC METRIC METRIC METRIC 
Chloride Std. Chloride Std. Chloride Std. Chloride Std. 
Content* Error Content Error Content Error Content Error 
me me me mg mg me me mg 
Flour” 125 2 137 1 149 9 89 6 
Fractions 
Water-solubles 1490 14 1480 35 1350 36 1090 14 
Gluten 499 3 538 18 520 24 407 7 
Soluble protein 272 14 29721 867 
Tailings starch 35 4 3 2 43 6 36 4 
Prime starch 7 2 18 4 10 4 6 1 


* Chloride in mg. per 100 g. of the fraction or flour indicated; all results are on a 14% moisture basis. 
© A 1957 commercial bleached cake flour. 


Chloride Analysis. Table I1 lists the chloride values obtained by 
the useful combinations of digestions and determinations for a com- 
mercial bleached cake flour and fractions. Three combinations not 
included in Table II gave high and erratic values for blanks, stand- 
ards, and samples: ashing followed by colorimetric determination, and 
Carius digestions with either colorimetric or potentiometric deter- 
minations. The gravimetric determination was not used with the 
digests from the Carius digestion and the Schéniger combustions be- 
cause of the small sample size. Bethge and Troéng (4) have reported 
successful combustions of 500 mg. and more by using repeated igni- 
tions with the same absorption liquid. 

Ashing plus gravimetric determination gave good recoveries of 
standards and reproducible values for samples but was tedious and 
time-consuming. Schéniger combustions followed by colorimetric or 
potentiometric determinations gave low results, as shown in Table 
II, although Bethge and Troéng (4) reported higher recoveries for 
chloride in wood pulp by combustion than by ashing. 

Ashing combined with potentiometric determinations gave re- 
producible values for standards and values for samples that were 
equal to or slightly higher than results by ashing plus gravimetric 
determination. Ashing plus potentiometric determination was reli- 
able, was adaptable to large numbers of samples, was tolerant to a 
large range in sample size, and was rapid. It was adopted for all 
further analyses in this study. 

Recovery of Chloride in Fractions. Recoveries of chloride in the 
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fractions ranged from 80 to 100% and averaged 89% for the 14 
fractionations in which the chloride content of all the fractions was 
determined by ashing combined with the potentiometric method. 

The recoveries of chloride in the fractions were rather low. 
Possibilities considered in trying to account for the low recoveries 
were: 

1. Recovery of dry matter averaged 99°; an adjustment for this 
1% loss would raise chloride recovery about 1% and more if part of 
a fraction high in chloride were lost. One known loss was that of 
water-solubles which were lyophilized in large glass bottles. A small 
amount was always left in the bottle. In several instances this residue 
was dissolved in water, and aliquots were analyzed. Amounts of 
chloride were found that would raise the recovery about 1% from this 
source alone. 

2. Gluten samples were more difficult to determine than the 
other fractions, therefore: 

a. Gluten chloride values may be somewhat low. 
b. Losses of chloride may have occurred during dialysis of the 
soluble protein. 

Chloride Content of Flours and Fractions. The chloride values for 
three pairs of unbleached and bleached cake flours and their frac- 
tions are shown in Table III. 

Unbleached flour had an appreciable chloride content. During 
growth the wheat plant evidently deposits chloride from the soil in 
the endosperm. The three flours listed ranged from 43 to 54 mg. per 
100 g. flour. This is in good agreement with Utt (21) and Sullivan and 
Howe (19) and is somewhat lower than Pap (12) and Damiens and 
Blaignan (5). Of the fractions from unbleached flours, the water- 
solubles were high in chloride content, ranging from 630 to 852 mg. 


TABLE Ill 
CHLORIDE CONTENTS OF UNBLEACHED AND BLEACHED CAKE FLOURS AND FRACTIONS 


Content * 


MATERIAL 1959 Commercial Flour Brevor Flour Elmar Flour 


Unbleached Bleached Unbleached Bleached Unbleached Bleached 

me me mg me me me 

Flour 54 131 43 145 46 189 
Fractions 

Water-solubles 852 1,690 630 1,300 751 1,840 

Gluten 17 463 19 666 10 937 

Soluble protein 63 271 27 538 62 426 

Tailings starch 16 49 18 42 13 52 

Prime starch 13 15 17 20 13 18 


* Chloride in mg. per 100 g. of the fraction or flour indicated; all results are on a 14% moisture basis. 
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TABLE IV 
DIsTRIBUTION AMONG FRACTIONS OF THE CHLORIDE FROM ONE HuNpDRED GRAMS OF 
CAKE FLOUR 


Amount or * 


Seover Flour Elmar Flour 


Marentar 1959 
Unbleached Bleached Unbleached Bleached Unbleached > Bleached 
még me ‘= mg meg ad 
Flour 54 131 43 145 46 189 
Fractions 
Water-solubles 34.9 65.9 26.1 59.9 29.6 76.7 
Gluten Ll 29.6 14 42.6 0.7 65.4 
Soluble protein 08 5.0 0.3 7.5 0.7 5.1 
Tailings starch 2.1 74 3.7 72 19 11.3 
Prime starch 9.7 11.6 11.2 13.5 94 11.8 
Total 48.6 119.5 42.7 130.7 42.3 170.3 
Chloride recovery, % 90 91 9 #8 92 90 


* Amount of the flour chloride found in the fraction indicated (yield of fraction from 100 g. flour 
times chloride content of the fraction). 


per 100 g. water-solubles, while the other fractions were all very low 
in chloride content. 

The bleached flours studied ranged from 131 to 189 mg. chloride 
per 100 g. flour. This was two and one-half to four times as high as 
the unbleached flours. The water-solubles from bleached flours had 
about twice the chloride content of those from unbleached flours, 
whereas the bleached glutens had much greater chloride contents 
than the unbleached glutens. Bleached tailings were three to four 
times as high in chloride as those from unbleached flours, but the 
prime starches increased only very slightly in chloride after bleaching. 

Distribution of Flour Chloride among Fractions. The water-solu- 
bles and the gluten plus the soluble protein were rather small parts 
by weight of the flour — about 4 and 8 g., respectively, from 100 g. 
of the cake flours studied. In contrast, the prime starch usually 
amounted to over 70 g. from 100 g. of cake flour. The distribution 
of the flour chloride among the fractions was calculated and is 
shown in Table IV. 

Most of the chloride of the unbleached flours was in the water- 
solubles, although the relatively large weight of prime starch caused 
it to contain 20 to 25% of the chloride. The combined gluten plus 
soluble protein and the tailings starches contained very little chloride. 

The increased chloride in the bleached flours was divided chiefly 
between the water-solubles and the combined gluten plus soluble 
protein. In the commercial flour, each of these fractions gained about 
30 mg. or about 40% of the 77 mg. increase over the unbleached 
flour. In the laboratory-bleached flours, the water-solubles gained 
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CHLORIDE CONTENT, mg. PER 100 g. 


° 48 96 144 192 240 
CHLORINE APPLIED, mg. PER 100g. FLOUR 


Fig. 1. Chloride contents of flour fractions at several levels of chlorine bleaching. 
The soluble protein is omitted to improve the legibility. 


about 33%, and the combined gluten plus soluble protein had about 
40 to 45% of the increased chloride. The tailings accounted for 4 to 
7% of the increase, and the prime starches held 2 to 3%. 


Results with Fractions Obtained by Doughing. Table V compares 
the results of similar analyses of the fractions from a doughing 
procedure (20) with those of the fractions from an acetic acid separa- 
tion. The results were about the same. 

Fractions from Flours Bleached with Varying Amounts of Chlorine. 
Part of each of the flours bleached at five different levels in the 
laboratory was fractionated. The chloride content of the flours and 
their fractions was determined. The results are shown in Figs. 1 and 
2. The soluble protein results were omitted from Fig. | for greater 
clarity; they did not differ greatly from the gluten results. 

Figure 1 shows that the chloride content of the water-solubles, 
which was high in the beginning compared to the other fractions, 
increased as the amount of the chlorine applied to the flour increased 
and was consistently the highest of any of the fractions. The chloride 
content of the gluten increased with increasing amounts of applied 
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CHLORIDE IN CAKE FLOURS AND FRACTIONS 


PRIME STARCH 


i 1 
96 144 192 240 
CHLORINE APPLIED, mg. PER 100 g. FLOUR 


Fig. 2. Total amount of chloride in each fraction at several different levels of 
bleaching. 


TABLE V 
COMPARISON OF CHLORIDE CONTENTS OF, AND DISTRIBUTION OF, THE FLOUR CHLORIDE 
AMONG THE FRACTIONS OBTAINED FROM AN UNBLEACHED COMMERCIAL CAKE FLOUR BY 
AN Acetic Actip EXTRACTION PROCEDURE AND BY A DOUGHING PROCEDURE 


Tyre or Fractionation 


Acetic Acid Fractionation Doughing Procedure 


Chloride Amount of Chloride Amount of 
Content*® Chloride” Content Chloride 


mg 


Flour 54 
Fractions 
Water-solubles J 38.3 
Gluten : 0.7 
Soluble protein 
Tailings starch J 2.0 
Prime starch 6.1 
Total 47.1 


Chloride recovery, %, 87 
* Chioride in mg. per 100 g- of the fraction or flour indicated; all results are on a 14% moisture basis. 


» Amount of flour chloride found in the fraction indicated (yield of fraction from 100 g. flour times 
chloride content of fraction). 
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TABLE VI 
AMOUNT OF CHLORINE APPLIED, AMOUNT TAKEN Up BY THE FLOUR, AND PERCENT OF 
CHLORINE UTILIZED IN LABORATORY BLEACHING OF FLOURS 


Increase iN Fioun CuLORINE 
Urmizep 


Flour 


Commercial 


* In mg. per 100 g. flour. 


chlorine and reached high levels compared to the unbleached gluten. 
The tailings fraction showed slight increases in chloride, and the 
prime starch did not show any consistent increase in chloride. 

Again, the difference in yield of the fractions must be considered 
to determine the total amount of chloride taken up by each fraction. 
This is done in Fig. 2, which shows that after the higher yield of 
gluten is considered, the two fractions, the water-solubles and the 
combined gluten plus soluble protein, each took up about the same 
amount of chlorine at any stage of bleaching. 

Figure 2 also shows that there was no over-all increase in the 
amount of chlorine taken up by the prime starch. This differs some- 
what from the data given in Tables III and IV which indicated slight 
increases in chloride for bleached prime starches. 

Chlorine Utilization by Flour in Laboratory Bleaching. The differ- 
ences between the amount of chlorine used in treating flour and the 
amount retained by the flour are illustrated in Table VI. At normal 
levels of bleaching, only one-half to two-thirds of the chlorine ap- 
peared in the flour. 

The evidence from the commercial flour bleached at five different 
levels indicated that: 1) at low levels of chlorine treatment, nearly 
all the chlorine was taken up by the flour; 2) at normal levels of 
bleaching, a low point in the amount of chlorine taken up was 
reached; and 3) at higher than normal levels of bleaching, the utiliza- 
tion of chlorine improved markedly. The upswing in chloride con- 
tents and amounts shown for the water-solubles and glutens in Figs. 
1 and 2 is explained by the higher utilization at these levels, since in 
these figures the contents and amounts were plotted against the 
amount of chlorine applied. If the chloride contents and amounts of 
the fractions were plotted against the amounts of chlorine retained 


Brevor 200 102 51 
Elmar 220 143 65 
48 41 86 
96 69 72 
144 88 61 
192 142 74 
240 190 79 
4 
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TABLE VII 


CHLoripe DISTRIBUTION AMONG THE SUBFRACTIONS OF THE WATER-SOLUBLE FRACTIONS 
or Some Cake FLours 


Froun, Treatment, 
ano Fraction 


1959 Commercial unbleached: 
Total water-solubles: 
Subfractions: 
Alcohol-soluble 
Alcohol-insoluble 
Total 
Recovery, %, 
1959 Commercial bleached: 
Total water-solubles 
Subfractions: 
Alcohol-soluble 
Alcohol-insoluble 
Total 
Recovery, 
Brevor bleached: 
Total water-solubles 
Subfractions: 
Alcohol-soluble 
Alcohol-insoluble 
Total 
Recovery, % 
Elmar bleached: 
Total water-solubles 
Subfractions: 
Alcohol-soluble 66.5 
Alcohol-insoluble 96 12 
Total 67.7 
Recovery, % 96 


* Grams at 14% moisture obtained from 100.0 g. of flour at 14% moisture. 
© Chloride in mg. per 100 g. of the fraction or flour indicated; all results are on a 14% moisture basis. 


by the flour, approximately linear relations were found for any one 
fraction. 


This evidence may also indicate that either the reaction occurred 
in two different phases or that there were two different reactions 
occurring, depending on the concentration of the chlorine. 

Chloride Distribution among Subfractions of the Water-Solubles. 
Table VII shows that practically all the chloride of the water-solubles 
was in the low-molecular-weight material. Presumably this was free 
inorganic chloride ion. The water-soluble proteins and _ polysaccha- 
rides from unbleached flours had low levels of chloride and increased 
very little in chloride from bleaching. The chloride content of the 
original water-solubles as found in this manner agreed closely with 
those values reported in Table IIL. 

Chloride Distribution among Gluten Subfractions. The crude 
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TABLE VIII 


CHLORIDE DISTRIBUTION AMONG THE SUBFRACTIONS OF 
THE GLUTENS OF Some CAKE FLOuRS 


Fiourn, TReaTMENT, Tora. CHLonive 
anp Fraction Content*® 


1959 Commercial unbleached: 
Original gluten d i 17 
Subfractions: 
Butanol extract . 220 
Residue . 5 
Total 
Recovery, % 
1959 Commercial bleached: 
Original gluten 
Subfractions: 
Butanol extract 
Residue 
Total 
Recovery, °%, 
Brevor bleached: 
Original gluten 
Subfractions: 
Butanol extract 
Residue 
Total 
Recovery, % 
Elmar bleached: 
Original gluten 
Subfractions: 
Butanol extract 
Residue 
Total 
Recovery, % 


* Chloride in mg. per 100 g. of the fraction or flour indicated. 


lipid portion (butanol extract) contained the major part of the 
gluten chloride as shown in Table VIII. The crude lipids from the 
bleached glutens reached 3 to 9% chloride contents (3,000 to 9,000 
mg. chloride). However, the protein residues retained a substantial 
part of the gluten chloride. 


Discussion 

Prime starch isolated from bleached flour had approximately the 
same chloride content as prime starch isolated from unbleached flour. 
Increased chloride contents were observed in the water-soluble and 
gluten fractions isolated from bleached flour. The large increase in 
water-soluble chloride may indicate that a reaction occurs with some 
flour component in which chlorine serves as an oxidizing agent and 
is reduced to the chloride ion. No preferential uptake of chlorine by 
gluten or water-solubles was evident. 
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The possibility exists that chlorine may be oxidizing the prime 
starch, thus creating new reactive sites within the starch polymer. Fur- 
ther work to investigate possible oxidation of starch is being under- 
taken. 
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THE BIURET TEST AS APPLIED TO THE ESTIMATION OF 
WHEAT PROTEIN’ 


ALVIN J. PINCKNEY? 


ABSTRACT 


The biuret test developed by the author in 1949 for estimating protein 
content in wheat and flour has been modified to make it simpler and more 
accurate. Formerly, aliquots of cleared alkaline protein extracts were com- 
bined with measured amounts of the alkaline copper reagent. In the modi- 
fied method the stabilized alkaline copper reagent is applied directly to the 
weighed sample for simultaneous extraction and reaction. Color intensities 
of the centrifuged test solutions, as determined in a spectrophotometer, are 
closely correlated with the protein contents of the samples as determined by 
the Kjeldahl method. Comparative tests indicate that sodium potassium 
tartrate is superior to glycerol as a stabilizer for copper in the biuret reagent. 


During recent years a number of simple quantitative tests for 
protein in wheat and flour have been introduced. Among these, 
the biuret test as developed by the author (3) in 1949 has attracted 
favorable attention. In the original procedure, the protein extracted 
from the sample by shaking for 10 minutes with dilute alkali was 
treated with the alkaline copper reagent. In the procedure described 
in the present paper, the alkaline copper reagent serves also as the 
extractant, so that extraction and reaction proceed simultaneously. 
Thus, extraction is more nearly complete, and two volumetric 
measurements are eliminated. In older biuret methods, copper is 
held in solution by strong alkali for more or less complete reaction 
with the protein. But the copper tends to precipitate as the hydroxide 
before the reaction is complete. A more reliable result can be ob- 
tained if the copper is more completely stabilized by one of several 
possible agents. Ethylene glycol was proposed for this purpose by 
Mehl (2) in 1945. Sols (5) in 1947 employed glycerol. This agent was 
also used by the author in 1949 and in the present studies. 

Jennings (1) has suggested sodium potassium tartrate as a copper 
stabilizer. This agent is used in the well-known Fehling test for sugar. 

In this paper, there are presented the results of some biuret protein 
tests on samples of wheat and flour selected from the wheat classes 
hard red spring, hard red winter, soft red winter, white, and durum. 


1 Manuscript received April 21, 1961. Co-operative investigations of Crops Research Division, Agri- 
cultural Research Service, and Grain Division, Agricultural Marketing Service, United States Department 
of Agriculture. Presented at the 46th annual meeting, Dallas, Texas, April 1961. 

2Chemist, Crops Research Division, Agricultural Research Service, U.S. Department of Agriculture, 
Beltsville, Md. 
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These studies were designed to show the usefulness of the test in 
estimating protein when using glycerol or sodium potassium tartrate 
as the copper stabilizer in the biuret reagent. The protein content 
of the samples was determined by the usual Kjeldahl method. 


Method 


Apparatus: (1) Balance, analytical. 

(2) Shaker; motor-driven rack which inverts stoppered centrifuge tubes 
about 60 times per minute. 

(3) Centrifuge; Clay-Adams “Senior; speed, 4,000 r.p.m. 

(4) Mill, Labconco. 

(5) Spectrophotometer; Coleman Jr., Model 6A, fitted for 1-in. square 
cuvets. 


Reagents: 

A. Glycerol reagent. To 937 ml. distilled water, add 10 ml. of 10N potassium 
hydroxide solution and 3.0 ml. of glycerol. Add slowly with vigorous stirring, 
50 ml. of 4% CuSO,-5H,O solution. 

B. Sodium potassium tartrate reagent. To 930 ml. of distilled water, add 
10 ml. of 10N potassium hydroxide solution and 20 ml. of 25% sodium 
potassium tartrate solution. Add slowly with vigorous stirring, 40 ml. of 4% 
CuSO,-5H,O solution. 


In preparing the reagents, copper hydroxide may be precipitated if the solu- 
tion is not stirred vigorously during addition of the copper sulfate. The 
reagents should be discarded if they are not perfectly clear and free of 
sediment. 


Procedure: Weigh into an 80-ml. centrifuge tube (or other suitable con- 
tainer) 0.6 g. of sample for use with reagent A or 0.5 g. for use with reagent 
B. Mix with | ml. of carbon tetrachloride, and then add 50 ml. of the indi- 
cated reagent. Stopper and shake vigorously for 10 minutes, let stand 1 hour, 
and then mix thoroughly. Transfer a portion to a 20-ml. centrifuge tube and 
centrifuge until perfectly clear. Determine the color intensity at 550 my (3) 
in the spectrophotometer with the indicated reagent as the blank. 


In establishing a curve or chart to convert biuret to protein values, a re- 
gression equation should be derived (4) from the biuret and Kjeldahl protein 
values of 35 or more samples selected to represent the normal protein range. 


Experimental 

Each of the reagents, A and B, was used in testing weighed 
portions of a sample of flour containing 17.5% protein. The weights 
of these portions were varied to represent the protein range 2 to 20%. 
In addition, a third reagent was used. This reagent, designated as 
“modified A,” was similar to reagent A but contained only 40 ml. of 
copper solution per liter, as in reagent B. From the paired values, 
absorbance and percent protein, the regressions were calculated. 
These are shown in Table I. 

The starch in wheat and flour samples adsorbs some of the copper. 
This reduces the color of the reagent and the observed absorbance 


Mention of specific trade names or instruments is made for the purpose of identification and does 
not imply any endorsement by the United States Government. 
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of the test solution. In order to determine the magnitude and net 
effect of this factor, the reagents were applied to testing purified wheat 
starch. A portion of each reagent was diluted with 10N potassium 
hydroxide solution, three parts to one part of reagent. Portions of the 
starch weighing 0.4 g. were then tested with each of the reagents, 
diluted and undiluted. In determining the color intensities in the 
spectrophotometer, a water blank was used. The results are shown 
in Table II. 

In the previous paper (3), it was found that about 85% of the 
total protein (Kjeldahl) in wheat and about 95%, of the total protein 
in flour were extracted in the test. In applying the modified method, 
the protein concentration in the test solutions of eight samples of 
wheat and four samples of flour were determined by the Kjeldahl 


TABLE I 
REAGENT COLor INTENSITY AND RESPONSE 


Reacent Bianx 


Absorbance 


Regression Equation: 
Intensity Absorbance X % Protein 
ABSORBANCE ® 
A 0.170 y = 34.6x — 05 . 0.9994 
Modified A 0.150 y — 40.5x — 02 3! 0.9996 
B 


0.050 y = 38.3x — 0.4 : 0.9995 


*Protein calculated on the assumption 0.6-g. sample for reagent A or 0.5-g. sample for modified 
for reagent B corresponds to 17.5, the percent protein in sample. Thus, 0.1-g. sample = 1/6 
= 2.9%, for A, or 1/5 & 17.5 = 3.5% for modified A and for B. 


TABLE Il 
ADSORPTION OF COPPER BY STARCH 


Gircenot Reacext NaK Tanrraare Reacent 


Undiluted Diluted Undiluted Diluted 


Reagent absorbance 0.170 0.051 0.053 
Starch test absorbance 0.141 0.024 0.048 
Difference : 0.027 0.005 
Equivalent protein, “, . 14 0.5 


TABLE Ill 
PERCENTAGE OF THE TOTAL PROTEIN (KJELDAHL) EXTRACTED BY THE REAGENTS 


Frour 
Hard Red Winter Durum Hard Red Spring 


Reagent A Reagent B Reagent A Reagent A Reagent B 


89.4 86.0 . 99.6 98.9 
91.0 87.6 . 100.0 100.0 
92.2 88.8 100.0 100.0 
92.9 90.4 . 100.0 100.0 


914 88.2 90.8 999 “99.7 


4 
7 
REAGENT 
Sy.x 
+ 0.21 
+ 0.16 
+ 0.19 
x 175 
0.023 
0.021 
0.002 
88.4 
89.5 
89.2 
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method. These values are shown in Table III as percentages of the 
total protein of the samples. 

A statistical summary of the results obtained in applying the 
modified biuret test to the samples selected from the five wheat classes 
is presented in Table IV. For comparison, certain values from the 
previous paper are also included. 

The errors in the predicted protein values of the 24 hard red 
winter wheat samples selected for the present study and of the 100 
hard red winter wheat samples in the previous work (3) have been 
calculated and classified as shown in Table V. 


TABLE IV 
STATISTICAL SUMMARY OF THE RESULTS OBTAINED IN TESTING SAMPLES OF THE 


Reaceyt anp Marentat N r Sy.x « (Prorem) 


Glycerol (a) 
Wheat: HRS $1.4x +04 + 0.28 
HRW +021 
SRW 2 y= 30.9x + 0.9 + 0.12 
White + 0.27 
Durum + 0.28 
Durum * + 0.21 
Flour: HRS + 0.20 


NaK Tartrate (b) 
Wheat: HRS 
HRW 
SRW 
White 
Durum 
Durum * 
Flour: HRS 
Glycerol, 1949" 
(Wheat HRW) 100 + 0.38 


+ 0.21 

' . + 0.18 
$8.8x —02 . + 0.15 
+ 0.26 

+ 0.18 

+ 0.16 

+ 0.23 


* Shaken 15 minutes. 
*From previous paper, 1949 (ref. 3). 


TABLE V 
PERCENTAGE OF SAMPLES IN EACH oF Five SeLecrep RANGES OF ERROR IN PREDICTED 
Protein Content (HARD Rep WINTER WHEAT) 


PeacenTAGE oF SAMPLES IN 
Eacn Rance 


Reagent A 


0.0 — 0.19% 
0.2 — 0.39%, 
0.4 — 0.59%, 
0.6 — 0.79%, 
0.8 — 0.89%, 


Sum 


Five CLAsses OF WHEAT AND OF FLOUR OF Harp RED WHEAT 

24 
0.8 
1.1 : 
0.8 
14 
14 
1.7 
2.4 
08 
1.1 : 
0.8 
14 
14 
2.0 
2.0 
20.8 16.6 35.0 oe 
8.4 42 17.0 
0.0 0.0 6.0 
0.0 0.0 1.0 a 
100.0 100.0 100.0 


A. J. PINCKNEY 
Discussion 

The data in Table I indicate that the amounts of copper in 
the reagents as applied are adequate for the protein range 0 to 20%. 
Similar experiments have shown that less than two-thirds of the 
copper is taken up by the protein at the 20% level. 

As observed by Jennings (1), the color intensity of the glycerol 
reagent is greater than that of the sodium potassium tartrate reagent 
(Tables I and II). Consequently, the adsorption of copper by starch 
causes a greater decrease in the color intensity of the glycerol reagent 
than in that of the tartrate reagent (Table II). The concentration of 
the copper in the diluted reagents (Table II) is less than that of the 
residual copper in the test as ordinarily applied to a sample con- 
taining 24% protein. Thus, for each of the reagents, A and B, the 
starch effect is nearly constant throughout the protein range. 

The differences in color intensity change from this cause are prob- 
ably reflected by the differences in a values (y = bx + a) of the regres- 
sions involving the two reagents (see Table IV). 

In Table I, the difference in average absorbances for the two 
series seems to indicate a greater color response for the sodium 
potassium tartrate reagent, as stated by Jennings (1). The test solution 
contains two color components: the protein-copper complex and the 
uncombined copper. The color intensity of the latter is diminished 
from its original value by the transfer of the copper to the protein. 
The instrument zero, adjusted with a reagent as the blank, is in error 
by an amount proportional to the amount of protein in the sample 
tested and also proportional to the color intensity of the reagent used. 
The absorbance of each test represents less than the total of the color 
intensity of the biuret complex by the amount of this error. There- 
fore, the color responses of the two reagents may be nearly identical. 


From Table III, it is evident that the protein of durum is slightly 
more resistant to extraction than is the protein of wheat other than 
durum. Apparently, the tartrate reagent is slightly the more effective 
in extracting the protein from wheat. 

In Table IV the regressions of the classes other than durum are 
similar within each reagent series. The regressions for the class 
durum are quite different. The longer shaking time of the second 
durum series produced regressions which are more nearly in line with 
those of the other classes. The change in the regression slope for the 
glycerol series is comparatively slight, but it is accompanied by cor- 
responding changes in r, Sy.x, and average absorbances. The latter 
value increased from 0.450 to 0.472 for the glycerol series and from 
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0.391 to 0.408 for the tartrate series. 

The modified method is more accurate than the original method 
(3), as shown by the more favorable r and Sy.x values and error dis- 
tribution (Table V). By the same standards, the sodium potassium 
tartrate reagent is preferable to the glycerol reagent. 

The modified biuret method gives a means of estimating wheat 
protein in a fairly satisfactory manner. It is simpler than the original 
method, and the results are more nearly in line with the Kjeldahl 
values. The method is empirical, and a strict time schedule must be 
followed to get good results. 

The advantages of the tartrate reagent over the glycerol reagent 
largely result from the lesser reagent color intensity. 
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IDENTIFICATION OF CARBONYL COMPOUNDS PRODUCED 
IN PRE-FERMENTS' 


Byron S. MILLER, JOHN A. JOHNSON, AND RoBERT J. ROBINSON 


ABSTRACT 


Extraction of a pre-ferment with diethyl ether or of the condensed gases 
with carbon tetrachloride was ineffective for obtaining sufficient minor flavor 
constituents for analysis by gas chromatography using thermistors as detec- 
tors. Passing the natural gases from a pre-ferment through 2,4-dinitrophenyl- 
hydrazine reagent was a convenient way of isolating carbonyl compounds in 
reasonable quantity. Nitrogen also was effective for sweeping the carbonyl 
compounds from a pre-ferment. 

Formaldehyde, acetaldehyde, acetone, isobutyraldehyde, n-butyraldehyde, 
methylethylketone, isovaleraldehyde, and n-valeraldehyde were detected by 
gas chromatography of the precipitated carbonyl derivatives by heating the 
mixed hydrazones in the presence of alpha-ketoglutaric acid. All of these but 
n-valeraldehyde were isolated from the precipitated mixture by passing it 
through a Celite column. In addition, 2-methyl-l-butanal was isolated by 
column chromatography. Individual components were identified by com- 
paring them with authentic compounds using paper chromatography in 
two different solvents and by ultraviolet and infrared spectral analyses. 


There is much interest in pre-ferments and their use in continuous 
processes for breadmaking. Some, however, consider the flavor of 
bread made by the continuous processes inferior to the flavor pro- 
duced by the customary sponge process. Efforts are needed, therefore, 
to improve flavor characteristics of pre-ferments used in continuous 
processes. Since much of bread flavor originates during fermentation 
and since alterations in processing provide opportunities to modify 
or intensify flavor, knowledge concerning flavors produced in pre- 
ferments is essential to advance continuous breadmaking methods 
and to improve the organoleptic qualities of bread. 

The small concentration of flavor compounds in _ pre-ferments 
makes analyses difficult. Even with the most sensitive methods, such 
as gas chromatography, it is necessary to concentrate the compounds 
by extraction, distillation, formation of derivatives, or by column 
or paper chromatography. Extreme care must be exercised while pre- 
ferments or pre-ferment extracts are being concentrated because of 
the volatile nature of flavor components and because of possible 


1 Manuscript received February 27, 1961. Presented at the 46th annual meeting, Dallas, Texas, April 
1961. Co-operative investigations between the Crops Research Division, Agricultural Research Service, 
U.S. Department of Agriculture, and the Sepetient of Flour and Feed Milling Industries, Kansas 


Agricultural Experiment Station, Maoh No. 354, Department of Flour and Feed 
Milling Industries, Kansas Agricul 1 Experi Station, Manhattan. 
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interactions of certain components. 

Johnson, Miller, and Curnutte (5) and Smith and Coffman (13) 
have investigated chemical compounds produced in _pre-ferments. 
Using paper and column chromatography, Johnson, Miller, and 
Curnutte (5) analyzed for organic acids and esters and obtained 
some quantitative data. Using gas chromatography, Smith and Coff- 
man (13) separated and identified several of the neutral components 
of pre-ferment. Neish and Blackwood (6) determined the organic 
acids and certain other compounds produced during the dissimilation 
of glucose by yeast. One of the carbonyl compounds measured quan- 
titatively was acetoin (6). Visser’t Hooft and de Leeuw (14) demon- 
strated that acetoin is slowly oxidized to diacetyl, but because of its 
high volatility, little diacetyl was found in the finished bread. 

Ng, Reed and Pence (7) and Wiseblatt and Kohn (15) examined 
baked bread for compounds that may be responsible for bread flavor. 
It is likely that several of the flavor compounds in bread arise from 
the baking, whereas others originate during fermentation (9). This 
paper describes the isolation and qualitative identification of several 
volatile compounds, mainly carbonyls, which are present in pre- 
ferments. 


Materials and Methods 


The pre-ferment used throughout this work was the salt-buffered 
type employed by Robinson et al. (11). The analyses of pre-ferments 
for constituents involved extraction with ether after 4 hours of 
fermentation, collection of gases evolved during fermentation, and 
formation of derivatives from extracted or collected carbonyl com- 
pounds. Further isolation and identification of flavor components 
were based on paper, column, and gas chromatography supplemented 
with ultraviolet and infrared spectroscopy. 

Gas Chromatography. The gas chromatography unit used was a 
Perkin-Elmer Vapor Fractometer Model 154-C* equipped with ther- 
mistors. The columns were 4-in. x 6-ft. tubes packed with the ma- 
terials noted in Tables I and II. The experimental conditions for gas 
chromatography are noted in Tables I and II. 

Extraction of Pre-ferments with Diethyl Ether. A 200-ml. portion 
of freshly centrifuged pre-ferment was extracted in a separatory funnel 
with 40 ml. of diethyl ether. This ether layer was removed and added 
to a fresh 200-ml. aliquot of pre-ferment along with 20 ml.of 
additional ether. Extraction was completed as for the first portion 


*The tion in this publication of a trade prod quip ora ial pany does not 
imply a, Saas by the U.S. Department of Agriculture over similar products, compani ete., 
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and the process repeated until 1,200 ml. of pre-ferment were extracted. 
The ether layer from the last 200-ml. aliquot was centrifuged, and 
the ether was decanted into a glass-stoppered vial and dried over 
anhydrous sodium sulfate before being analyzed in the gas chromato- 
graph, using 30-,1. quantities. 

Extraction of Condensate from Evolved Gases with Carbon Tetra- 
chloride. Sixteen liters of pre-ferment (11) were allowed to ferment 
in a 5-gal. polyethylene bottle connected in series by tubing to two 
1-liter wash bottles in Dewar flasks. The first bottle was surrounded 
by an ice-salt mixture and the second by a dry ice-acetone mixture. 
The liquid (approximately 12 ml.) in the first trap was added to 
the dry-ice trap and the resulting solution extracted in a separatory 
funnel with 5 ml. of carbon tetrachloride. The separated solvent was 
stored in a glass-stoppered vial over anhydrous sodium sulfate and 
placed in a deep freeze until analyzed by gas chromatography using 
30 yl. quantities. Carbon tetrachloride was chosen as a solvent because 
of its high density and stability and because all impurities could be 
removed by repeated distillations. 

Confirming the Presence of Carbonyl Compounds in Extracts. To 
demonstrate the presence of carbonyl compounds in the extracts, a 
I-ml. portion was shaken intermittently for 30 minutes with | ml. of 
water containing 100 mg. of sodium bisulfite (1). This treatment 
resulted in the formation of a complex between the bisulfite and 
the carbonyl compounds and the elimination of the peaks due to 
carbonyl compounds in the gas chromatogram. Most of the water was 
removed by freezing in a deep freeze for 15 minutes and the remain- 
der by drying over anhydrous sodium sulfate. Thirty-microliter quan- 
tities were analyzed by gas chromatography. 

Formation of Hydrazones from Carbonyl Compounds in Evolved 
Gases. Derivatives of carbonyl compounds formed during the first 6 
hours of fermentation of a 16-1. pre-ferment were prepared by passing 
the gases first through a wash bottle surrounded by an ice-salt bath 
and then through 250 ml. of a filtered 2,4-dinitrophenylhydrazine 
solution prepared by stirring 3 g. of the solid reagent in 500 ml. of 
2N hydrochloric acid. The solution containing the precipitated 
2,4-dinitrophenylhydrazones (hereafter abbreviated 2,4-DNPH’s) was 
cooled at 5°C. for 3 hours and filtered. When the filtrate was ex- 
tracted twice with two-fifths the volume of ethyl acetate, a second 
batch of hydrazones was obtained. When the filtrate was stored at 
5°C, several days, a third group of light-yellow crystals formed. 

It was also possible to remove the carbonyl compounds which 
remained in the pre-ferment after active fermentation. This was 
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achieved by adding mercuric chloride to prevent further fermenta- 
tion and sweeping the pre-ferment with nitrogen gas which was then 
passed through the 2,4-dinitrophenylhydrazine reagent. The carbonyl 
compounds isolated were the same as those isolated during active 
fermentation. Quantitative analyses of the flavor compounds isolated 
in this manner should be indicative of the quantities present in 
pre-ferments used commercially. 

Separation and Identification of Carbonyl Hydrazones. The car- 
bony! hydrazones were separated by two different techniques, both 
of which employed the recrystallized solids separated from the 
2,4-dinitrophenylhydrazine reagent. One method involved separating 
individual hydrazones by column partition chromatography (4), using 
Hyflo Super Cel in place of Celite Analytical Filter-aid because 
satisfactory separation was obtained in one-fifth the time. The second 
method involved gas chromatography of the volatile carbonyl com- 
pounds which were liberated from these hydrazones by heating in 
the presence of alpha-ketoglutaric acid (10). 

Identification of the carbonyl compounds separated by column 
chromatography (4) was also accomplished by descending chrom- 
atography using Whatman No. | paper. The solvents used were 
2-phenoxyethanol-heptane and N,N-dimethylformamide-decalin (7). 

The ultraviolet spectrum analyses of the separated 2,4-DNPH's 
were made on a Beckman (Model DU) spectrophotometer by two 
methods. Absorbance was measured by using the chromatographed 
paper spot of the respective carbonyl compound (8) and by using 
chloroform solution of the eluted purified carbonyl compounds. The 
latter method was more reproducible and reliable. 

The infrared spectrum analyses of the separated and purified 
2,4-DNPH's and known carbonyl compounds were obtained by the 
potassium bromide technique (13-mm. pellets) and a Perkin-Elmer 
Model 137 Infracord spectrophotometer. In cases where only micro 
quantities of 2,4-DNPH’s were available a 1.5-mm. pellet was em- 
ployed. 

Preparation of Known Carbonyl Derivatives. The 2,4-DNPH's of 
known carbonyl compounds were prepared and purified by the 
techniques of Shriner, Fuson, and Curtin (12). 


Results and Discussion 


Flavor Components in Ethyl Ether Extracts of Pre-ferments. The 
ether extracts of pre-ferments were analyzed by gas chromatography 
with the results shown in Table I. Ethyl alcohol was the main com- 
ponent, but lesser amounts of ethyl acetate, isobutyl alcohol, and 


= 
4 
if 


MILLEK, JOHNSON, AND ROBINSON 511 


TABLE I 
FLavor ComMpounpbs Detectrep By GAS CHROMATOGRAPHY IN AN ETHYL ETHER EXTRACT 
OF PRE-FERMENTS AND IN A CARBON TETRACHLORIDE EXTRACT OF 
Evotvep Gas CONDENSATE FROM PRE-FERMENTS 


Rerention Time 


Columo A* Column X* 


Comp d Authenti Compound Authentic 
in Extract Compound in Extract Compound 


minutes minutes minutes minutes 


Compounds extracted from 
pre-ferment with ethyl ether 
Ethyl alcohol 3.0 
Ethyl acetate 5.6 
Isobutyl alcohol 9.3 
Isoamyl! alcohol 20.5 
Compounds present in carbon 
tetrachloride extract of dry 
ice-acetone condensed gases 
Acetaldehyde 
Ethyl! alcohol 
Ethyl! acetate 
Isoamy! alcohol 
Solvents 
Diethyl ether 
Carbon tetrachloride 


*Celite 545 (60-80 mesh) coated with 20% by weight of diisodecyl phthalate; column at 98°C.; helium 
flow 32 ml. per minute. 

*Celite 545 (80-100 mesh) coated with 30% by weight of di(2-ethyl-hexyl)phthalate; column at 98°C.; 
helium flow 11.3 ml. per minute. 

© Same retention time as ether. 


isoamyl alcohol were present. Columns A and X both detected the 
same compounds, although ethyl alcohol and ether emerged together 
in column X. Using column F, isoamyl alcohol was not detected, 
probably because of the extremely long retention time (95 minutes) 
of this compound. Micro amounts of compounds retained a long 
time generally are released slowly and exhibit only a very small 
millivolt response over several minutes. 

These data confirm the presence of four of the twenty-seven com- 
pounds isolated from a pre-ferment by Smith and Coffman (13), using 
an elaborate distillation and concentration procedure. Undoubtedly, 
if a more sensitive detector, such as a hydrogen flame device, were 
used many more components would have been detected. Because of 
the inadequacy of simple ether extraction of the pre-ferment and the 
inability of the thermistors to detect more than a few compounds, 
other procedures were employed to study compounds which were 
extremely volatile or present in micro amounts. 

Flavor Components in Carbon Tetrachloride Extracts of Con- 
densed Gases from Pre-ferments. The compounds detected in the 
condensed gases (Table 1) were somewhat different from those de- 


— 

5.6 12.6 12.6 
93 21.7 213 
212 47.8 48.0 
1.9 45 44 

3.0 7.0 68 
5.6 12.4 12.6 

21.2 48.2 46.7 

19 42 
75 16.4 
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tected in the ether extracts. Acetaldehyde was found because this 
highly volatile substance was retained at the cold temperature of the 
acetone-dry ice trap. Ethy! alcohol, ethyl acetate, and isoamyl alcohol 
were detectable but isobutyl alcohol was not. Acetaldehyde and isoamy] 
alcohol also were detected using column F (described in Table II), but 
ethyl alcohol and ethyl acetate emerged with carbon tetrachloride 
in this column. All these compounds were also detected by Smith and 
Coffman (13). 

Carbonyl Compounds in Gases Evolved from Pre-ferments. The 
mixed 2,4-DNPH’s obtained from the gases of the pre-ferment were 
analyzed by two methods. The simplest technique used was that of 
Ralls (10) employing the gas chromatograph to detect carbonyl com- 
pounds released from their 2,4-DNPH'’s by heating in the presence of 
alpha-ketoglutaric acid. The eight compounds (Table II) detected by 


TABLE Il 
CARBONYL COMPOUNDS PRESENT IN GASES EVOLVED FROM PRE-FERMENTS, MADE INTO 
2,4-DNPH Derivatives, aNp Derectep By Gas CHROMATOGRAPHY * 


Rerention Time 


logn Column A® Column Column 
ComPounps IN 
Pae-reERMENTS Comp d Authenti Comp d Authenti Comp d Authentic 
in Compound in Compound in Compound 
Gases 


Formaldehyde 1.7 

Acetaldehyde i9 . 

Acetone 3.5 3.6 7.7 7.7 69 68 
Isobutyraldehyde 4.7 4.8 10.3 10.2 8.3 8.5 
n-Butyraldehyde 5.7 59 13.4 13.4 12.0 12.1 
Methylethylketone 6.5 6.5 14.1 14.1 13.5 13.7 
Isovaleraldehyde 95 94 19.9 19.9 18.6 18.5 
n-Valeraldehyde 11.6 11.9 26.8 26.6 26.9 26.5 


"See reference 10. 

© Celite 545 (60-80 mesh) coated with 20% by weight of diisodecyl phthalate; column at 98°C.; helium 
flow 32 ml. per minute. 

©Celite 545 (80-100 mesh) coated with 30% by weight of di(2-ethyl-hexyl) phthalate; column at 98°C.; 
helium flow 11.3 ml. per minute. 

“Firebrick (30-60 mesh) coated with 25% by weight of tetraethyleneglycol dimethyl ether; column at 

74°C.; heliam flow 80 ml. per minute. 


this technique contrast with only three volatile carbonyl compounds 
(acetaldehyde, acetone, and diacetyl) found in pre-ferments by Smith 
and Coffman (13). Acetoin, found by Smith and Coffman (13) in 
ether extracts of pre-ferments, was not found using the present tech- 
nique because of its limited volatility (b.p. 188°C.). 

The analysis of the 2,4-DNPH mixture by Ralls’ technique (10) 
revealed that the amount of acetaldehyde 2,4-DNPH in the mixture 
was many times the concentration of the next most abundant com- 


minutes minutes minutes minutes minutes minutes 
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ponent. The small quantities of most of the 2,4-DNPH’s made it 
impossible to identify the free carbonyls emerging from the column 
using infrared spectroscopy. 


Techniques other than gas chromatography were necessary to 
separate sufficient quantities of most of the carbonyl compounds so 
that they might be identified by the use of ultraviolet and infrared 
spectroscopy. The technique which proved most useful for analyzing 
the mixed 2,4-DNPH's was a combination of their partial separation 
on a Celite column by the technique of Day, Bassette, and Keeney (3), 
followed by further purification by paper chromatography using 
N,N-dimethylformamide-decalin solvent. The ultraviolet spectra of 
the separated components were initially obtained directly on the air- 
dried paper chromatographs by the method of Nonaka, Pippen, and 
Bailey (8) and as used by Ng, Reed, and Pence (7). Results obtained 
by this method were highly erratic. Data obtained with the solvent 
extracts of the 2,4-DNPH spots were much more reliable. The purified 
carbonyl compounds were also identified by infrared spectra. 


TABLE Ill 
Ry AND Ry VALUES AND ULTRAVIOLET ABSORPTION MAXIMA FOR 2,4-DINITROPHENYL- 
HYDRAZONES OF CARBONYLS ISOLATED FROM PRE-FERMENTS AND FOR COMPARABLE 
AUTHENTIC CARBONYL DERIVATIVES 


R, on Ry Vatugs or Assonrrion Maximum oF 
2,4-DNPH* 2,4-DNPH 


Cansovyt Comrounn 


Isolated Authentic Isolated Authentic 


mu ma 


2-Phenoxyethanol:heptane solvent 


Formaldehyde 
Acetaldehyde 
Acetone 
Methylethylketone 
2-Methyl-1-butanal 
n-Butyraldehyde 
iso-Butyraldehyde 
iso-Valeraldehyde 


Formaldehyde 
Acetaldehyde 
Acetone 
Methylethylketone 
2-Methyl-1-butanal 
n-Butyraldehyde 
iso-Butyraldehyde 
iso-Valeraldehyde 


*R,, values (distance of travel compared with that for 3-heptancme) are reported for the first solvent. 
R, values are reported for the second solvent. 


0.32 0.32 369 368 
| 0.32 031 375 374 
; ‘ 0.49 0.49 374 374 
oa 0.60 0.60 356-7 356-7 7 
ae 0.37 0.37 368 368 3 
0.39 0.39 367 368 
ae 0.45 0.45 368 369 
_N,N-dimethylformamide:decalin solvent 
: 0.15 0.15 362 364 : 
0.25 0.26 368 368 < 
4 0.38 0.38 377 376 Ae 
a 0.68 0.69 368 368 ‘ 
0.38 0.39 370 370 of 
0.36 0.36 368 368 
a 0.39 0.37 364 364 nf 
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Table III lists the Ry and Ry values in two different solvents and 
the maximum ultraviolet absorbances for the 2,4-DNPH'’s of carbonyl 
compounds isolated from the volatile gases of the pre-ferment. Similar 
data for corresponding known 2,4-DNPH'’s are also recorded. All the 
2,4-DNPH’s except formaldehyde and methylethylketone were iso- 
lated from the mixture separated by the first filtration of the 2,4-dini- 
trophenylhydrazine reagent. Formaldehyde and methylethylketone 
2,4-DNPH's were isolated from the reagent by extraction with ethyl 
acetate. From all the mixed 2,4-DNPH crystals, at least seven carbonyl 
compounds were isolated but unidentified, in addition to the nine 
positively identified. Some of the unidentified compounds appeared 
to be unstable. The melting points of isolated acetaldehyde and 
methylethylketone 2,4-DNPH's were 162° and 119°C., respectively. 
These agree well with the values of 160° and 120°C. for similar 
derivatives of authentic acetaldehyde and methylethylketone. Other 
2,4-DNPH'’s of carbonyl compounds found in the pre-ferment were 
not crystallized in sufficient quantities to permit the determination 
of melting points. 

The 2,4-DNPH’s isolated by column and paper chromatography 
agreed with those identified by gas chromatography (Table II), except 
for 2-methyl-l-butanal and n-valeraldehyde. The 2-methyl-1-butanal 
was not identified in the 2,4-DNPH mixture by gas chromatography. 
N-valeraldehyde could not be distinguished from isovaleraldehyde by 
paper chromatography, even though two different solvents were 
employed. The maximum ultraviolet absorbances of the isolated 
2,4-DNPH'’s agreed well with those for authentic samples. However, 
this technique failed to distinguish among the aldehydes and between 
the ketones. 

The identification of all but two of the compounds in Table III 
was confirmed by infrared spectra. Insufficient 2,4-DNPH'’s of formal- 
dehyde and 2-methyl-l-butanal were obtained for identification by 
this technique. The identity of formaldehyde 2,4-DNPH, however, was 
confirmed using chromotropic acid (2). 

Wiseblatt and Kohn (15) isolated acetaldehyde, acetone, 2-ethyl 
hexanal, 2-hexanone, 3-heptanone, crotonaldehyde, diacetyl, methyl 
glyoxal, and furfuraldehyde from fresh bread. The only carbonyls of 
this group found in pre-ferments during the present investigasion 
were acetaldehyde and acetone. Diacetyl and pyruvaldehyde (methyl 
glyoxal) are probably present among the unidentified carbonyls pro- 
duced during fermentation. The other carbonyls found by Wiseblatt 
and Kohn (15) may result from the browning reactions during baking 
and processing. 
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Ng, Reed, and Pence (7) found formaldehyde, acetaldehyde, ace- 
tone, methylethylketone, ethyl pyruvate, 2-methyl-1-butanal, hexanal, 
and furfural in the ethanol extract of bread. They also found iso- 
butyraldehyde and n-valeraldehyde in vapors of baking bread, but 
not in the ethanol extract of the bread crumb. In this work, most 
of these compounds were found in pre-ferments. Exceptions were 
furfural, which probably results from the browning reaction during 
baking, hexanal, and ethyl pyruvate which may be among the 
unidentified carbonyl compounds. 
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CHLOROETHANOL AS A CEREAL PROTEIN DISPERSANT* 


N. W. Tscuoect? 


ABSTRACT 


Wheat gluten may be dispersed virtually completely in a 0.01N solution 
of hydrochloric acid in 70% aqueous 2-chloroethanol, from which it may be 
recovered by precipitation with diethyl ether with its properties apparently 
unaltered. A 0.1N solution of hydrogen chloride in anhydrous chloro- 
ethanol also disperses wheat gluten completely, but there is some loss of 
amide nitrogen and some of the free carboxyl groups become esterified. After 
precipitation with diethyl ether the cohesive properties of the gluten are lost. 
Anhydrous acid chloroethanol may be used also in the direct extraction of 
the proteins from wheat and rye flour, but is less effective in the extraction of 
barley and oat proteins. The extraction of the protein from the germ flour 
of the carob bean (Ceratonia siliqua) is still less complete. Acid-free anhy- 
drous chloroethanol disperses about 60% of wheat gluten. Aqueous acid 
chloroethanol is about as efficient as anhydrous acid chloroethanol for wheat 
but extracts more oat flour protein. 

The intrinsic (bulk) viscosity of gluten dispersed in aqueous acid chloro- 
ethanol is much higher than that of gluten dispersed in anhydrous acid 
chloroethanol, but the reverse is true in regard to the limiting surface 
viscosities of gluten spread from these dispersions at an oil/water interface. 


The investigation reported in this paper arose from a study of 
spread monolayers of wheat gluten and other cereal proteins (15,16), 
in particular the choice of a suitable dispersion medium for spread- 
ing purposes. Dispersions in dilute acids and in sodium salicylate 
were the obvious first choice. From the former, however, gluten could 
not be spread without the aid of a spreading agent. Furthermore, 
dispersions of gluten in dilute acids are known (14) to be very 
polydisperse. Gluten was found to spread readily from dispersions 
in 10% w/v sodium salicylate, the salicylate itself apparently acting 
as the spreading agent, but the films gave rather low surface viscosities. 

Attention was therefore turned to the chance observation by 
Hess (9) that native wheat flour protein could be dispersed com- 
pletely in 2-chloroethanol and recovered by precipitation with 
diethyl ether with its properties apparently unaltered. When this 
observation was checked, virtually complete dispersion of vacuum- 
dried gluten was obtained in a clear but not specially purified 
laboratory sample of chloroethanol. The gluten particles first swelled, 
then disintegrated, and were completely dispersed on shaking after 
about 3 days. Centrifugation removed some starch and also some 
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protein, but most of the latter could be redispersed by shaking up 
the residue with a few ml. of the dispersant. The supernatant was 
much less turbid than a dispersion of the same concentration in 
sodium salicylate and gave no iodine reaction. Gluten films could be 
spread readily from a suitable dilution and showed much higher 
surface viscosities than films spread from dispersion in sodium salicyl- 
ate. However, when the experiment was repeated with a carefully 
purified sample of chloroethanol, only about 60% of the gluten would 
disperse. 

As chloroethanol appeared to be an attractive dispersion medium 
for surface chemical studies in particular and physicochemical in- 
vestigations in general, some of the factors influencing its gluten-dis- 
persing power were investigated. These investigations were then 
extended to the direct extraction of the proteins from wheat flour 
and from the flours of rye, barley, and oat, and the germ flour of the 
carob bean (Ceratonia siliqua). Carob germ flour was included since 
it (and perhaps that of some related species (3)) is apparently the only 
known nonwheat-plant protein to possess gluten-forming ability 
(12,13). 


Materials and Methods 


Reagents were of A.R. quality unless otherwise stated. Water was 
first deionized and then distilled from an all-glass still containing a 
trace of sulfuric acid. 

Flours. Wheat flours were milled on a Buhler experimental mill 
from sound whole grain of known variety. Rye, barley, and oat flours 
were milled on an Allis-Chalmers mill from whole rye, pearled barley, 
and dehulled oats. 

Carob bean seeds were softened by boiling in water for 30 minutes 
and soaking in a fresh portion of water overnight. They were then 
opened by hand, and the germ was picked out and dried over anhy- 
drous calcium chloride. This procedure was thought to be preferable 
to that of Rice and Ramstad (12) in which the seed coats are carbon- 
ized in concentrated sulfuric acid. The germ was ground in a 
laboratory hammer mill and bolted through 56-mesh nylon gauze. 
The samples were analyzed by the official methods of the AOAC (2) 
for protein, moisture, ash, and fat. Doughs made from the wheat 
flours were tested on the Chopin Alveograph. The analytical and 
physical test data are shown in Table I. 

Preparation of Gluten. Gluten was washed from the medium 
wheat flour following the standard procedure detailed in Cereal 
Laboratory Methods (1), except that Dill and Alsberg’s (6) phosphate 
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CHLOROETHANOL AS PROTEIN DISPERSANT 


TABLE I 
ANALYTICAL DATA OF FLOURS 


ANALYTICAL 
MEASUREMENT Medium 
Wheat 


% 


Protein (dry basis) 12.50 
Moisture . 14.4 
Ash (dry basis) . 0.48 
Fat (dry basis) 1.80 


Alveogram “strength” ’ 48 


buffer was substituted for tapwater. The gluten was dried in vacuo, 
powdered, bolted through 56-mesh nylon gauze, and stored over 
phosphorus pentoxide in a vacuum desiccator. The protein content of 
the dried gluten was about 80%. 

Dispersion Media. 2-Chloroethanol was purified from laboratory- 
grade material. After a preliminary distillation under reduced pres- 
sure, the sample was carefully dried and freed from acid over desic- 
cated potassium carbonate and twice redistilled under a vacuum 
of about 18-22 mm. Hg. The purified chloroethanol had an acidity 
of less than 0.005% w/v expressed as hydrochloric acid and a water 
content of less than 0.5% w/v. Solutions of hydrogen chloride in 
purified chloroethanol were prepared by passing in dry hydrogen 
chloride gas (19) until a concentration of 0.365% (0.1N) was attained. 
Solutions of lower acidity were obtained by dilution of the 0.1N sample 
with purified chloroethanol. Aqueous acid chloroethanol solutions 
were prepared by diluting anhydrous acid chloroethanol of the re- 
quired acidity with hydrochloric acid of the same strength. 

Solutions of other acids in purified chloroethanol were obtained 
by adding the required amounts of concentrated sulfuric, anhydrous 
(90%) formic, glacial acetic, or trichloroacetic acid. 

Solutions of acids in alcohols were similarly prepared from redis- 
tilled n-butanol, isopropanol, and from absolute ethanol freshly dis- 
tilled from calcium oxide. 

Preparation of Dispersions. Dispersions were prepared by extract- 
ing about 100 mg. of dried gluten or an equivalent amount of flour 
with 10 ml. of the dispersing agent in glass-stoppered test tubes. In 
most of the experiments the tubes were kept in a thermostat at 25°C. 
for 3 days and were shaken at regular intervals. Some experiments 
were carried out in which the tubes were placed in boiling water for 
15 minutes. 
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The dispersions were separated from the residues by centrifug- 
ing at about 1,000 g. for 20 minutes and decanting the supernatants. 
The residues were then shaken up with 3-5 ml. of the dispersant, 
the tubes recentrifuged, and the supernatant decanted. This process 
was repeated and the three supernatants combined. 


Degree of Dispersion. This was obtained from the amount of 
protein in dispersion and the amount of undispersed protein remain- 
ing in the residue. Suitable aliquots of the supernatants and the 
residues were analyzed by a semimicro-Kjeldahl procedure. Water 
was added to the supernatant aliquots to distill off the chloroethanol 
or alcohol and prevent the formation of volatile sulfates. Gluten 
residues were usually dissolved in 50% sulfuric acid. Very small 
gluten residues were digested in toto. All determinations were carried 
out in duplicate. 


Precipitated Gluten. About 2 g. of gluten dispersed in 200 ml. of 
dispersant were precipitated by the addition of 200-400 ml. of ether. 
After standing for about 5 days, the clear supernatant was centrifuged 
off and a fresh portion of ether was added to the precipitate. The 
ether was removed after another 3—5 days and the precipitated acid 
gluten was dispersed in 200 ml. of water in a Waring Blendor. After 
the foam had settled, the gluten was reprecipitated by addition of 0.1N 


sodium hydroxide to pH 6.8. The precipitated gluten was then dried 
in vacuo. 


Amide Content. This was detcrmined by the 2N hydrochloric 
acid extrapolation method as described by Leach and Parkhill (11). 
No correction was made for free ammonia. 


Esterification. The number of alkoxy groups per 10° g. of protein 
were determined by the Zeisel method. These determinations were 
carried out by the CSIRO Microanalytical Service, Melbourne, in 
sixfold replication for each sample, and the results were averaged. 
Calculation of the degree of esterification was based on Fraenkel- 
Conrat and Olcott's (7) figure of 36 carboxyl groups per 10° g. of 
original gluten protein. The blank due to the methionine content of 
the original gluten protein was subtracted from the number of 
alkoxy groups found in the precipitated gluten proteins (4,7). 

Viscosity. Bulk viscosities were determined in B.S, No. | capillary 
viscometers. No kinetic energy correction was made, 


Surface Viscosity. Surface viscosity measurements were carried 
out at the oil/water interface with an oscillating-needle, surface- 
torsion pendulum as described by Tschoegl and Alexander (16). 
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Results 


Influence of Water and Hydrochloric Acid Content. To find an 
explanation for the difference in gluten-dispersing power of unpuri- 
fied and distilled chloroethanol, the influence of the two most likely 
impurities, namely water and hydrochloric acid, was investigated. 
Analysis of several laboratory-grade samples showed them to contain 
about 3-5% water, with acidities from 0.006 to 0.06N, or from 0.02 
to 0.23% w/v expressed as hydrochloric acid. 

Gluten was therefore dispersed in 0.01 and 0.001N solutions of 
hydrochloric acid in chloroethanol containing from 0 to 40%, water. 
Figure | shows a plot of the degree of dispersion obtained as a func- 
tion of the hydrochloric acid and water content of the choloroethanol. 


0-00IN 
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Fig. 1. Influence of water and hydrochloric acid content on degree of dispersion 
of gluten in chloroethanol. 


In the 0.01N solution 95% dispersion was obtained with only 5% 
water and dispersion was virtually complete with 10% water; further 
increases in the water content had no significant effect. In the 0.001N 
solution, on the other hand, dispersion was only 95% with 40% 
water, although the same degree of dispersion was already reached 
with 30%. In carefully neutralized chloroethanol of 30% water con- 
tent the degree of dispersion was only 77%. 

In another experiment the influence of increasing amounts of 
hydrogen chloride in anhydrous chloroethanol was investigated. 
Table Il shows that the degree of dispersion of gluten increased with 
the hydrogen chloride content, and complete dispersion was obtained 


520 Vol. 38 
100 7 
90 
50 
7o 
60 
10 20 30 40 


N. W. TSCHOEGL 


TABLE Il 


INFLUENCE OF HyprRoceN CHLORIDE CONTENT ON DEGREE OF 
DISPERSION OF GLUTEN IN ANHYDROUS CHLOROETHANOL 


with about 0.08-0.10N hydrogen chloride. 

Effect of Time on Degree of Dispersion. Dispersion was most 
rapid in the 0.01N aqueous acid chloroethanol solutions. It was 
usually complete within 24 hours and could be speeded up by more 
frequent shaking. Dispersion in 0.001N aqueous solutions took a 
little longer, and was slowest in 0.1N anhydrous solutions. The effect 
of time on the degree of dispersion in the latter was therefore 
studied in more detail. One hundred-milligram portions of gluten 
were shaken at regular intervals with 10 ml. of anhydrous 0.1N acid 
chloroethanol. From time to time a tube was withdrawn and centri- 
fuged, and the degree of dispersion was determined. Table III shows 
that the greatest increase in the degree of dispersion occurred during 
the first 24 hours (overnight) and that dispersion was virtually com- 
plete in 3 days. 


TABLE Ill 


Errect oF Time oF EXTRACTION ON DEGREE OF DISPERSION 
oF GLUTEN IN ANHYDROUS AcID (0.1N) CHLOROETHANOL 


Decare or Dispersion Decree or Dispersion 


Other Anhydrous Acid-Alcohol Systems. To see whether the 
combination of chloroethanol and hydrochloric acid was unique, 
another experiment was carried out using 0.1N solutions of various 
acids in chloroethanol on the one hand, and in unchlorinated alco- 
hols, on the other. The results are shown in Table IV. 

No swelling at all occurred and very little protein was dispersed 
in the unchlorinated alcohols. In chloroethanol, sulfuric acid was 
about as effective as hydrochloric acid, although the gluten particles 
seemed to disintegrate somewhat more rapidly. Formic acid was not 
as effective as the mineral acids. Trichloroacetic acid, a protein pre- 
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Decazz or Normauiry Decase oF 

or Acip Dispersion or Acip Disrexsion 
+e 0.001 56.1 0.04 89.6 Ae 
0.005 64.3 0.06 97.6 
0.01 61.2 0.08 98.8 
0.02 776 0.10 99.2 
ok 
Hours 
7 15 | 47 95.0 
15 58.8 66 98.0 
24 88.4 72 98.0 
31 91.0 
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Hydrochloric, 0.1N 
Hydrochloric, 0.1N 
Sulfuric, 0.1N 
Hydrochloric, 0.001N 
Hydrochloric, 0.1N 
Sulfuric, 0.1N 
Formic, 0.1N 


DisrEnsant 


TABLE IV 


In Boiling 
Water Bath 


Ethanol (abs.) 
Isopropanol 

n-Butanol 
Chloroethanol (anhyd.) 
Chloroethanol (anhyd.) 
Chloroethanol (anhyd.) 
Chloroethanol (anhyd.) 


Trichloracetic, 0.1N Chloroethanol 


(anhyd.) 


* Dissolved. 


cipitant in aqueous solution, increased the dispersion in chloro- 
ethanol slightly more than formic acid. Precipitation occurred only 
after the addition of water. 

Effect of Temperature. The effect of temperature was not investi- 
gated in detail. However, some observations were made in experi- 
ments in which the tubes were placed in a boiling-water bath for 15 
minutes. The degrees of dispersion obtained in this way with gluten 
in anhydrous chloroethanol containing different acids are shown in the 
last column of Table IV. Heating of the dispersions caused a signifi- 
cant increase in the degree of dispersion in case of the 0.001N hydro- 
chloric acid (control) and the 0.1N formic acid solutions. With the 
mineral acids, 0.1N hydrochloric and 0.1N sulfuric, the increase may 
not have been significant but the gluten dispersed spontaneously 
without shaking. With the other two dispersions, the undispersed 
gluten particles did not disintegrate on shaking. No precipitation 
occurred on cooling. The dispersions remained clear, although of a 
slightly yellowish-brownish color. When gluten was heated with 10% 
sodium salicylate or with 0.01N hydrochloric acid, it dispersed more 
easily on shaking but did not disperse spontaneously. 

Particle Size and Agitation. Particle size had a considerable effect 
in the case of the less effective dispersants, the larger particles usually 
taking longer to disperse. Comparable results could only be obtained 
by using dry gluten bolted through gauze of the same mesh size. 

The effect of agitation was more noticeable with the more effec- 
tive dispersants, such as 0.01N hydrochloric acid in aqueous chloro- 
ethanol, where an increase in the frequency of agitation shortened 
the time required for complete dispersion. Simple mixing instead of 
shaking, in the case of 0.1N hydrogen chloride in chloroethanol, 
lowered the degree of dispersion by a few percent. 


Decree or Disrersion OF GLUTEN IN VARIOUS ANHYDROUS ACID-ALCOHOL 

Acid Aleobol esc 

0.6 

28 

7.3 

56.1 70.6 

99.2 99.5* 

99.4 99.6" 

81.6 87.0 
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Precipitation. Gluten dispersed in anhydrous 0.1N acid chloro- 
ethanol could be precipitated with diethyl ether, acetone, isopropanol, 
and n-butanol. Ether caused an immediate precipitation of about 
97%, of gluten dispersed at room temperature and about 95% of 
gluten dispersed at the temperature of boiling water. Observations 
made on these precipitations largely paralleled those made by Jaffe 
and De Coene (10) on the precipitation of zein dispersed in 70% 
aqueous alcohol. When the supernatant was decanted from the 
centrifuged precipitate immediately after precipitation, the precipi- 
tate darkened and formed a smeary, sticky gel. When left standing 
for several days under fresh portions of ether before centrifugation, 
the precipitate could be obtained in the form of a grayish powder. 
The material precipitated from aqueous redispersion, as described in 
the section on methods, showed no cohesion and resembled oat pro- 
tein as obtained by the method of Cunningham et al. (5). A vacuum- 
dried sample of this material could not be redispersed in a 0.01N 
solution of hydrochloric acid in aqueous chloroethanol. 

Addition of water to anhydrous acid chloroethanol dispersions 
produced very fine colloidal suspensions which were perfectly stable, 
no precipitation occurring after standing for several weeks. Dilution 
(tenfold) with virtually acid-free chloroethanol likewise produced no 
precipitation. 

From dispersion in a 0.01N solution of hydrochloric acid in 
chloroethanol containing 30% of water, ether precipitated about 
98% of the gluten in the form of a fine suspension which settled out 
on several (usually 5) days’ standing to a clear supernatant. The ma- 
terial precipitated from aqueous redispersion resembled in every 
respect the wet gluten obtained by dispersion of dry gluten in dilute 
acid and precipitation by neutralization with dilute sodium hydrox- 
ide as described by Udy (17). 

Deamidation and Esterification. Column 2 of the table below 
shows the percent loss in amide nitrogen relative to the original 
gluten, and column 3 the extent of esterification (percent of free 


Sample Esterification 


% 
19 
41 


carboxyl groups esterified), for gluten recovered by precipitation with 
ether, redispersion in water, and reprecipitation by neutralization. 


3 
4 
i 
| 
ke 
+ 
: 
be 
4 
A 04 
16.4 
c 


524 CHLOROETHANOL AS PROTEIN DISPERSANT Vol. 38 


Sample A represents gluten recovered from dispersion in 0.01N 
hydrochloric acid in aqueous (30%) chloroethanol. Samples B and 
C were recovered from dispersion in 0.1N hydrogen chloride in 
anhydrous chloroethanol. Sample B was dispersed at room temper- 
ature and sample C at the temperature of boiling water. 

No esterification and only an insignificant loss of amide nitrogen 
occurred in the aqueous chloroethanol. Some esterification and loss 
of amide nitrogen occurred in the anhydrous chloroethanol at room 
temperature. Temperature had a marked effect on both esterification 
and loss of amide nitrogen. 


* AQUEOUS 
* ANHYDROUS 


LOG. VISCOSITY RATIO 


- 0-394 


iL 


1-50 
PROTEIN CONCENTRATION (g/100 mi) 


Fig. 2. Dependence of the logarithm of the pas | ratio on gluten concentra- 
tion. 


isperson in aqueous (30%) acid (0.01N HCl) an 
chloroethanol. 


anhydrous acid (0.1IN HCl) 

Bulk Viscosity Measurements. Figure 2 shows the results of bulk 
viscosity measurements carried out on anhydrous (0.1IN HCl) and 
aqueous (30% water, 0.01N HCl) acid chloroethanol dispersions of 
gluten. The logarithm of the viscosity ratio (»/»,) is plotted against 
concentration. Since the regression lines pass through the origin, 
the limiting viscosity number (intrinsic viscosity) may be obtained 
simply from [»] = 2.303b where b is the slope of the regression line. 
The limiting viscosity number was 0.394 in anhydrous acid chloro- 
ethanol and 1.236 in aqueous acid chloroethanol. Dispersions contain- 
ing more than about 17-18 mg. per ml. were not obtainable. 

Surface Viscosity Measurements. Figure 3 shows plots of the sur- 
face viscosity against time for films spread from anhydrous and 
aqueous acid chloroethanol. The curve obtained with gluten dis- 
persed in 10% w/v sodium salicylate is included for comparison. 
The limiting surface viscosity (16) was 4.0 surface poises for films 


1-236 
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Fig. 8. Surface viscosity of gluten films spread from dispersion in anhydrous acid 
(0.1N HCl) chloroethanol (1), aqueous (30%) acid (0.01N HCl) chloroethanol 
(2), and 10% w/v sodium salicylate (3). 


spread from dispersion in anhydrous acid chloroethanol, 2.4 surface 
poises for films from aqueous acid chloroethanol, and 1.4 surface 
poises for films from salicylate dipersions. 


SURF. VISCOSITY (SURF. POISE) 


pH 


Fig. 4. Surface isoelectric ee of gluten from films spread from dispersion in 
aqueous (30%) acid (0.01N HCl) chloroethanol. 


Figure 4 shows a plot of the surface viscosity against the pH of 
the substrate at various areas per mg. protein for films spread from 
dispersion in aqueous acid chloroethanol. These plots show maxima 
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corresponding to a surface isoelectric point of about 6.7. 

Direct Extraction of Flours with Anhydrous Acid Chloroethanol. 
Some experiments were carried out to investigate the possibility of 
extracting the protein free from the influence of added water directly 
from wheat flour and from other cereal flours from which glutens 
cannot be washed out. 

Portions containing 100 mg. of protein of strong, medium, and 
weak wheat flour, and of rye, barley, oat, and carob-germ flour were 
therefore repeatedly extracted with 10 ml. of anhydrous 0.1N acid 
chloroethanol. Complete extraction could not be obtained in a 
single operation. The percentage of protein extracted increased, 
however, with the number of successive extractions, as shown in 
Fig. 5, which gives the cumulative percentages achieved in four 
extractions. 


RYE 

WEAK WHEAT 
MEDIUM WHEAT 
STRONG WHEAT 
BARLEY 

OAT 

CAROB GE 


3 
5 
: 


NUMBER OF EXTRACTIONS 


Fig. 5. Degree of dispersion of cereal flour proteins in anhydrous acid (0.1N HCl) 
chloroethanol. 


Extraction of about 95% of the wheat and rye flour proteins was 
attained in four extractions. Of the wheat flours the weak flour was 
most and the strong flour least rapidly extracted. This was confirmed 
in a repeat experiment. Rye flour behaved like a rather weak wheat 
flour. Extraction of barley (90%) and oat (84%) flours was less satis- 
factory, and only about 56% of the carob-germ flour could be ex- 
tracted under the same conditions. 

Direct Extraction of Wheat and Oat Flour with Aqueous Acid 
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Chloroethanol. By contrast, aqueous 0.01N acid chloroethanol ex- 

tracted about 80% of wheat protein from the medium wheat flour 

and about 81% of oat protein in a single extraction, and about 91% 

of wheat protein and about 86% of oat protein in two extractions. 
Discussion 

From the results presented here it appear. that the chloroethanol 
used by Hess (9) could not have been free from acid and/or water. 
Only about 60%, of gluten disperses in acid-free anhydrous chloro- 
ethanol. More gluten can be dispersed in the presence of hydrochloric 
acid, but this involves some deamidation and the esterification of 
part of the free carboxyl groups. These changes result in a shift of 
the isoelectric point, which was found to be about 7.5 by surface 
viscosity and surface pressure measurements (15,16). Whether the loss 
of cohesion in the reprecipitated gluten is due to esterification is 
difficult to say at this stage, since other possibilities such as the 
removal of lipids would have to be excluded. 

When the chemical changes are either of little consequence or may 
be taken into account (e.g. in molecular weight determinations), 
anhydrous acid chloroethanol allows the examination of wheat and 
other cereal proteins free from the influence of added water. This 
dispersant may also facilitate examination by infrared spectroscopy 
which is difficult in the presence of water. 

The esterification of gluten in 0.1N solutions of hydrogen chloride 
in various alcohols was investigated by Fraenkel-Conrat and Olcott 
(7), who found that esterification was complete only in methanolic 
solutions. Ethanol, propanol and n-butanol reacted more sluggishly, 
and hardly any esterification occurred in isopropanolic solutions. The 
esterification of gluten in chloroethanolic solution appears to be 
intermediate between that in propanolic and isopropanolic solution. 
It is interesting to note that the partly esterified gluten remains 
soluble in anhydrous acid chloroethanol, whereas it is apparently 
insoluble in the unchlorinated acid alcohols (7). 

From a dispersion in aqueous acid chloroethanol, gluten may be 
recovered with its chemical and physical properties essentially un- 
altered. The isoelectric point was found to be about 6.7 by surface 
viscosity measurements (Fig. 4). It is worth noting that gluten dis- 
persed virtually completely in a 0.01N solution of hydrochloric acid 
in 70% aqueous chloroethanol, whereas a similar ethanolic solution 
dispersed only about 72% of the gluten under identical conditions. 
The limiting viscosity number of gluten was 1.236 in aqueous acid 
chloroethanol and 0.394 in anhydrous acid chlo oethanol. In 8% 
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sodium salicylate Udy (18) found the limiting viscosity number of 
gluten to be 0.309, while from the data of Geerdes and Harris (8) it 
appears to be about 0.200 to 0.250 in dilute acetic acid. 

Gluten dispersed in either anhydrous or aqueous acid chloro- 
ethanol spreads readily at an interface. The limiting surface viscos- 
ities (16) from the aqueous dispersion are higher than those obtained 
from dispersion in sodium salicylate (cf. Fig. 3). Still higher limiting 
surface viscosities are obtained from the anhydrous dispersion. 
While the aqueous dispersion therefore yields higher limiting bulk 
viscosity numbers, the anhydrous dispersion gives higher surface 
viscosities. At the surface concentrations used, the surface viscosities 
are more of the nature of solid viscosities than solution viscosities. 
Further work is required to elucidate the difference in the limiting 
surface viscosities obtained from the two different dispersions. 
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EFFECT OF SOME VOLATILE CHEMICALS ON THE 
MICROBIAL SPOILAGE OF MOIST KAFIR CORN 
(Andropogon sorghum) UNDER AIRTIGHT STORAGE’ 


K. S. SRINIVASAN AND S. K. MAJUMDER? 


ABSTRACT 


Kafir corn at 20% moisture was fumigated with methyl bromide and 
ethylene dibromide and hermetically stored for 60 days at 25°-29°C. Molds 
and bacteria were destroyed. Changes in fat acidity, water-soluble acidity, 
reducing sugars, amino nitrogen, and weight/volume ratio were retarded. 
Similar results were obtained with chloropicrin and ethylene oxide. The 
possibility of cold sterilization of moist grain and storage under aseptic con- 
ditions in hermetic storage is discussed. 


The critical role of moisture in the deterioration of stored grain has 
been widely recognized. Kolkwitz (9), Swanson (24), Milner and Geddes 
(17,18) and Semeniuk et al. (22) have established the interaction of 
time, temperature, and moisture on the degree of deterioration of 
grains. Microorganisms are considered to be mainly responsible for the 
deterioration of moist grain, owing to their lipolytic, amylolytic, and 
proteolytic activities (5,15). 

Kafir corn (Andropogon sorghum) is generally stored in under- 
ground pits in India. Although insect infestation is prevented through 
depletion of oxygen and accumulation of carbon dioxide under air- 
tight storage (4), biochemical and microbiological degradation of 
certain kinds proceeds unhindered in the stored moist grain (7). The 
degree of spoilage in kafir corn stored in underground pits is 
quite high. 

Several fungicidal agents (14,16,28) have been used to inhibit 
microbial activity on moist grain. Unfortunately, chemicals (14,16,24) 
such as thiourea, mercuric chloride, ceresan, and arasan, hitherto found 
suitable for the storage of seed grains, cannot be employed on food 
grains for toxicological reasons. 


Manuscript received September 6, 1960. 
2Central Food Technological Research Institute, Mysore, India. 
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Previous investigations of Majumder et al. (11,12) on different 
volatile organic chemicals have shown the usefulness of methyl bro- 
mide and a 3:1 mixture of ethylbromide-ethylenedibromide (v/v) for 
an initial reduction in microbial population and beneficial effects on 
subsequent storage. Matz and Milner (13) reported that a 1:1 mixture 
of propylene oxide and carbon tetrachloride was effective in reducing 
the deleterious changes which occur in damp grain; but the results ob- 
tained with this mixture suggested that it could be used as a short-term 
measure until the grain could be dried to safe moisture level. Majum- 
der et al. (10) have used methyl bromide fumigation as an adjunct to 
drying chips of moist tapioca (Manihot utillissima) to safe moisture 
levels; the microbial count was brought down from an initial 125 mil- 
lion to 1,500 per g. at a dosage of 5 Ib. per 1,000 cu. ft. and exposure 
period of 48 hours. Under the same conditions in wheat (25% mois- 
ture) the population was brought down from 2.4 millions to 720 per g. 

In the present investigation, attempts have been made to study the 
deteriorative changes in moist kafir corn (Andropogon sorghum) under 
airtight storage and the effects of some fumigants such as ethylene 
dibromide, methyl bromide, chloropicrin, and ethylene oxide in pre- 
venting these undesirable changes. 


Materials and Methods 


Freshly harvested kafir corn (variety Narkin) was dried to initial 
moisture of 11%. The samples were distributed in 700-g. lots in 1-liter 
wide-mouthed glass-stoppered bottles, and moisture contents were 
adjusted to 11, 15, 20, and 30% by adding the required amount of 
sterile water, mixing thoroughly, and shaking intermittently for 24 
hours. The bottles were tightly stoppered (silicone grease used as 
lubricant), sealed with beeswax, and incubated at 30°C. 

In a second experiment, ethylene oxide, ethylene dibromide, methy! 
bromide, and chloropicrin were used at dosages of 32, 64, and 96 mg. 
per liter on 10-kg. grain lots in properly clamped 16-liter desiccators. 
Fumigants ethylene oxide and methyl bromide were applied from a 
microburet at —10°C.; chloropicrin and ethylene dibromide were 
introduced into the desiccators at room temperature (26°C.). The 
moisture level of the grain was brought to 20% before the fumigants 
were introduced into the desiccators. The samples were analyzed for 
fat acidity, water-soluble acidity, reducing sugars, amino nitrogen, 
germination, microbial counts, fumigant residues, and organoleptic 
qualities at the end of storage period, 60 days. 

The following methods were adopted for analysis of the samples: 
Fat acidity was determined according to the method of Zeleny and 
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Coleman (28). Water-soluble acidity was determined by the AOAC 
method (3). Total reducing sugars were estimated by the micro method 
of Somogyi (23). Amino nitrogen was determined by Samuel's method 
(21). Weight/volume (w/v) ratio was determined by measuring the 
displacement of water by the grain in a measuring cylinder. 

Total microbial counts were determined on seeds ground aseptically 
in a laboratory grinder. The grinder was sterilized and the ground 
grains were sampled aseptically according to Teunisson (25). Counts 
were taken from colonies developed on potato-dextrose agar plates 
adjusted to pH 6.8 and incubated at 30°C. for 5 days. For anaerobic 
counts, serial dilution plates were incubated at 30°C. in desiccators 
containing alkaline pyrogallol. Methylene blue tests (20) indicated the 
absence of oxygen in the desiccators used for incubating plates for 
anaerobic counts. 

Moisture was determined by the two-stage air-oven method (1) with 
ground samples at 130°C. for 1 hour. The results are reported on 
moisture-free basis. 

Germination of kafir corn was ascertained by counting the number 
of germinated kernels on salt-free malt agar in Petri dishes after 5 days 
of incubation at 26°-29°C. 

Fumigant residues were estimated for ethylene dibromide and 
methyl bromide according to the method of Young, Carter, and 
Soloway (27) after aeration of the samples in still air on shallow 
enameled trays at room temperature for 7 days. Residues of chloro- 
picrin and ethylene oxide were not determined. 

Organoleptic qualities of the samples were judged by a panel of 
judges on the aerated grains, flour and roti (conventional unleavened 
bread) by triangle difference test method (19). Roti was prepared by 
rolling 24 g. dough to a circle 4 in. in diameter and baking it on a hot 
plate until it attained a light brown color. 


Results and Discussion 


At the end of 30, 90, and 150 days, kafir corn samples were analyzed 
for fat acidity, water-soluble acidity, reducing sugar, amino nitrogen, 
viability, microbial count, and weight/volume ratio. The results are 
presented in Table I. 

These data indicate rapid increase with time of fat acidity, water- 
soluble acidity, reducing sugar, amino nitrogen, and microbial count 
in grains stored at 15, 20, and 30% moisture. There is an appreciable 
increase in the fat acidity values between 15 and 20% moisture as 
compared to values between 20 and 30% moisture. Water-soluble 
acidity of the samples, on the other hand, shows a progressive increase 
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TABLE I 
BIOCHEMICAL AND MICROBIAL CHANGES IN STORED KAFIR CORN 
(Average values of five replicates) 


Stonace M Wr./ 
Reoucinc Amino) GERMINA- xX 10°). Vou. 
M A » Nrrrocen TION Ratio 
P Aerobie Anaerobic 
mg/100g mg/100g mg/100g mg/100g % 
Control — Ile $1 63 160 10 96 1.1 0.6 081 
30 days — 11 40 84 186 12 93 19 2.0 .79 
15 OF 90 200 16 81 32 4.0 77 
20 144 112 310 20 56 5.4 84 75 
30 151 208 350 42 nil 94 10.0 74 
90 days — 11 54 124 189 12 90 24 3.7 78 
15 82 129 235 21 30 65 94 76 
20 169 148 385 26 nil 20.0 22.0 14 
30 170 288 490 70 nil 22.0 23.0 73 
150 days — 11 59 90 250 14 89 4.0 64 75 
15 94 115 270 25 6 12.0 44.0 .73 
20 180 130 405 50 nil 25.0 54.0 72 
30 208 266 470 120 nil 18.0 74.0 0.69 
Milli tassi per 100 ¢. 


> Milligrams je sodium hydroxide per 100 g. 
© Analyses at the start of the experiment. 


with time and proportional to the increase in moisture levels. Reducing 
sugars showed a progressive increase with time and moisture contents. 
At 20% moisture level and above, the germination percent was nil. 
With 15% moisture after 150 days of storage, germination percentage 

dropped as low as 6%. The total microbial count increased with the 
period of incubation. The anaerobic population was comparatively 
higher than the aerobic. There was considerable change in the density 
of the seeds at 30% moisture level on storage for 150 days. All the 
above data indicated that kafir corn stored hermetically at 11, 15, 20, 
and 30% moisture underwent biochemical and microbiological degra- 
dation. Lipolytic, amylolytic, and proteolytic activities were indicated 
by the changes in fat acidity, reducing sugars, and amino nitrogen 
respectively. 

The data on the effects of fumigants — ethylene oxide, ethylenedi- 
bromide, methyl bromide, and chloropicrin used at dosages of 32, 64, 
and 96 mg. per liter on grain containing 20% moisture — are presented 
in Table I. 

The results reveal that, in contrast to the changes in the control 
sample containing 20%, moisture, the fumigants appreciably retarded 
adverse changes in treated moist grains. The criteria for the deteriora- 
tive changes in grains fumigated with methyl bromide, chloropicrin, 
and ethylene oxide maintained almost the same values as the control 
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TABLE Il 


Errect oF CERTAIN VOLATILE CHEMICALS ON THE DETERIORATIVE 
CHANGES IN KaFIR CoRN 


(Average values of five replicates) 
Moisture, 20%; period of storage, 2 months; temperature, 25°-29°C. 


Microstar Count Fumi- Oncano- 
Aerobic Anaerobic DUES 
ma/ 100g mg/l 100g mg/100¢ ma/ 100g ppm Br 
Control, 11%M* 28 63 165 10 12 0.5 ~ G 
Control, 20%M* 150 115 320 25 20 21 3 MS 
Ethylene di- 
bromide, mg/1. 
$2 94 260 15 44 3.6 12 FO 
64 38 77 180 13 0.6 0.2 22 SF 
96 28 70 170 12 0.2 0.1 23 A 
Methy! bro- 
mide, mg/1. 
$2 41 76 210 14 1.0 0.3 15 SF 
64 32 69 182 14 0.1 ; 23 A 
96 28 68 175 ll bos / 27 A 
Chloropic- 
rin, mg/1. 
$2 42 80 214 15 11 SF 
64 33 72 183 14 05 A 
96 28 69 169 12 iS A 
Ethylene 
oxide, mg/1. 
32 39 74 199 15 0.6 so 
64 36 66 182 12 A 
96 30 64 171 ll A 


* Analyses at the start of the experiment. (M, moisture.) 

*Germination in control, 11% moisture, 96%; otherwise, none. 

©Dough and unleavened bread. G, good; MS, musty; FO, fermented odor; SF, slightly fermented; A, ac- 
ceptable; SO, slight odor. 


sample at 11% moisture. Although ethylene dibromide retarded 
microbial activity, absolute sterilization of the grain could not be 
achieved even at a dosage of 96 mg. per liter under the experimental 
conditions. Surface mycelial growth was visible in top layers in the 
grain samples fumigated with ethylene dibromide within 30 days of 
incubation. Methyl bromide and chloropicrin at 96 mg. per liter and 
ethylene oxide at 64 mg. per liter brought down the microbial popula- 
tion to zero under sustained fumigation for the whole incubation 
period of 60 days. Owing to sterilization of the grain at these concen- 
trations by the fumigants, biological decomposition was retarded. The 
organoleptic tests indicated the soundness of the hermetically stored 
moist grain fumigated with methyl bromide, chloropicrin, and ethylene 
oxide, whereas the control sample was unacceptable. Usually a char- 
acteristic taint develops in wheat flour fumigated with methyl bromide 
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(26), but no off-odor could be detected by the test panel on the kafir 
corn samples experimentally fumigated. 

Grain may be stored satisfactorily in metal and concrete silos in 
temperate climates. In the tropics, however, wide fluctuations in 
diurnal temperature, high average temperature, translocation of 
moisture, and sweating accelerate the rate of microbiological and 
biochemical degradation. This investigation indicates the possibility 
of using volatile sterilizing agents for suppressing deteriorative changes 
and preventing external microbial contamination during storage. 

Methyl bromide, ethylene oxide, and chloropicrin were the best 
fumigants for sterilizing the grain under hermetic storage. Further 
information on the residues and their effects on the various chemical 
constituents of the grain under such high dosages and exposure periods 
will be required. In the present study, the residues of methyl bromide 
were within the permissible limits as prescribed in Canada (6) and the 
United States (2) for cereals. Precise information is available on the 
toxicological aspects of the residues and reaction products of methyl] 
bromide (26) and ethylene oxide (8), but chloropicrin requires critical 
studies on the residues and toxicological aspects for its use under 
these conditions. 
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EFFECT OF PARBOILING ON THE THIAMINE, RIBOFLAVIN, 
AND NIACIN CONTENTS OF WHEAT! 


Z. I. SaBRY AND R. I. TANNous 


ABSTRACT 


Samples of the hard wheat, variety Senator Capelli, were parboiled for 
0.5-, 1-, 1.5-, 2-, and 3-hour periods. The samples were then dried and 
crushed, and the bran was removed. The effect of the various heat-treat- 
ments on the thiamine, riboflavin, and niacin contents was determined 
in the crushed parboiled grain as well as in the bran. The longer the par- 
boiling time, the more thiamine was destroyed. While the riboflavin content 
of wheat was hardly affected by parboiling and subsequent oven-drying, a 
substantial amount of the vitamin was destroyed when the product was 
sun-dried. The niacin level tended to increase with the increase in parboil- 
ing time. These changes appear to be due to direct heat destruction and 
the redistribution of the vitamins from the outer layers to the inner layers 
of the wheat grain. 


Parboiled wheat is one of the most important cereal products in 
the Middle East. It is known as burghul in the Arab countries and as 
bulgur in Turkey and Central Europe. 

Parboiled wheat is usually prepared on a small scale in the villages. 
After the wheat is separated from the chaff, it is washed in cold water 


and boiled in an uncovered copper kettle for 2 to 3 hours. The boiled 
wheat is spread in the sun to dry and then is usually moistened with 
a sprinkle of water before it is crushed and the bran removed. 

Saracoglu (3), Saracoglu and Babadag (4), and Shammas and 
Adolph (5) found that thiamine and, to a greater extent, riboflavin de- 
creased considerably during the parboiling process. However, the nia- 
cin content of the parboiled product was found to be slightly higher 
than that of wheat (5). 

The present work is an attempt to determine the extent of heat- 
treatment necessary for the parboiling process and its effect on the level 
of thiamine, riboflavin, and niacin in the wheat grain as well as in the 
bran. 


Materials and Methods 
Preparation of Samples. Seven 1-kg. samples were prepared from 
the hard wheat, variety Senator Capelli. An unboiled sample served 
as a control while five samples were boiled for 0.5-, 1-, 1.5-, 2-, and 3- 


*Manuseript received Nov. 21, 1960. Authorized for publication on Nov. 10, 1960, as paper No. 68 by 
the Faculty of Agricultural Sciences in the Journal Series of the American University of Beirut, Beirut, 
Lebanon. 
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hour periods. Water was added in such an amount that all of it was 
absorbed by the time boiling was checked in order to eliminate leach- 
ing of water-soluble nutrients. The amounts of water added per kg. 
of wheat were 950, 1,600, 2,100, 2,800, and 3,400 ml. for the boiling 
periods of 0.5, 1, 1.5, 2, and 3 hours, respectively. The boiled samples 
were spread on trays and dried in a forced-draft dehydrator. The dried 
samples were sprayed with a little water, then ground in a Wiley mill 
and left on trays overnight to dry at room temperature. The ground 
samples were sieved in a forced draft to remove the bran. The seventh 
sample received a 2-hour boiling treatment and was dried in the sun 
for 3 days. This was done to study the effect of sun-drying on the 
riboflavin content of the parboiled product. 

Assay Methods. The thiochrome method (1) was used for the deter- 
mination of thiamine. Riboflavin was determined by the fluorescence 
method (1). Niacin was assayed by a microbiological technique (1) 
using Lactobacillus arabinosus ATTC 8014? as the test organism. 


Results and Discussion 

All the parboiled samples were rated acceptable with regard to 
color, texture, taste, and odor. The sample which received the 3-hour 
boiling treatment was slightly dark in color and showed moderate 
clumping and stickiness; that with 0.5-hour boiling had less gelatini- 
zation than the other samples. The uniformity in the gelatinization of 
the starch throughout the endosperm was judged by a translucent 
appearance and absence of opaque spots. The amount of bran sepa- 
rated from the parboiled grain decreased with the increase in boiling 
time during the first hour. The bran yields corresponding to 0, 0.5, 1, 
1.5, 2, and 3 hours of boiling time were 16.5, 15.1, 14.4, 14.1, 14.0, and 
14.2%, respectively. This difference in bran yields may be due to the 
gelatinization of starch in the endosperm during boiling and the trap- 
ping of part of the embryo and the scutellum into the parboiled 
product. 

It is evident from the data expressed in Fig. 1 that the heat-treat- 
ment has a direct destructive effect on thiamine. The riboflavin con- 
tent of the wheat grain decreased slightly as a result of the parboiling 
process, as shown in Fig. 2. However, when the parboiled wheat was 
dried in the sun, the loss of riboflavin amounted to 76% as compared 
with 20% loss in a sample receiving the same parboiling treatment 
but dried in the oven. The parboiling process brought about an in- 
crease in the niacin content of bulgur, apparently at the expense of 
the bran fraction content, as indicated in Fig. 5. 


2 Obtained from the American Type Culture Collection, 2029 M Street N.W., Washington 6, D. C. 
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EFFECT OF PARBOILING ON WHEAT VITAMINS 
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Fig. 1. Effect of parboiling on thiamine content of wheat. 
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Fig. 2. Effect of parboiling on riboflavin content of wheat. 


In all cases, it was found that the thiamine, riboflavin, and niacin 
levels decrease at a much faster rate in the bran than in the grain. 
This may be attributed to direct heat destruction as well as to redistri- 
bution of these vitamins from the outer layers to the inner layers of 
the wheat grain. Since the bran is rich in niacin and the germ is the 
part considered richest in thiamine and riboflavin (2), the vitamin 
redistribution has a more pronounced effect on the niacin content of 
the parboiled wheat than on the thiamine and riboflavin contents. 
From the foregoing evidence, a parboiling time of 0.5 to | hour may 
be recommended for the making of bulgur. This would result in high- 
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Fig. 3. Effect of parboiling on niacin content of wheat. 


er retention of thiamine, while permitting almost the same increase 
in niacin content as is obtained with the conventional 2- to 3-hour 
boiling. Oven-drying of the product results in markedly better reten- 
tion of riboflavin than does sun-drying, but economic considerations 
preclude oven-drying as a substitute for the preparation of bulgur, as 
at present, on a family or village basis. 
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DIFFUSION COEFFICIENTS OF WATER 
IN WHEAT KERNELS' 


LIANG-TSENG FaN?, Do Sup CHUNG?, AND JOHN A. SHELLENBERGER*® 


ABSTRACT 


The diffusion coefficients of four varieties of wheat, Ponca (HRW) and 
Vernum (durum) wheats representing hard wheats and Seneca (SRW) and 
Brevor (SWW) wheats representing soft wheat, were measured under pre- 
viously untried conditions (maximum temperature, 98.3°C. and maximum 
diffusion time, 8 hours). The theoretical treatment and the experimental 
techniques proposed by previous investigators were found to be valid under 
the conditions of the present investigation. 

The values of the diffusion coefficients ranged from 2.7 X 10° cm?*/sec 
(26.7°C.) to 245.6 X 10° cm*/sec (98.3°C.) for Ponca wheat, 2.2 X 10° cm*/sec 
(30°C.) to 75.2 X 10°* cm*/sec (86°C.) for Vernum wheat; 3.1 cm*/sec 
(26.7°C.) to 140.9 x 10° cm*/sec (98.3°C.) for Seneca wheat; and 2.7 x 10° 
cm*/sec (30°C.) to 89.2 cm*/sec (86°C.) for Brevor wheat. 

The effective surface moisture content is independent of temperature, and 
the diffusion coefficients at temperatures below about 65°C. are practically 
independent of variety. The diffusion coefficients, and therefore the activation 
energies for diffusion, increase sharply above this temperature for four vari- 
eties of wheat. 


The diffusion coefficient of water in wheat kernels is of practical 
importance in the drying and tempering of wheat, since these processes 
involve the transport of water in and out of wheat kernels. 

Although the problem of water diffusion into wheat kernels has 
been studied for some time, most of the previous studies have been 
qualitative in nature. The study of mechanism and the quantitative 
treatment of data of water diffusion into wheat kernels, however, have 
been initiated only recently (1,2,3,5). Grosh and Milner (5) investi- 
gated the mechanism of water diffusion by visual and X-ray methods. 
They found that crack formation precedes the diffusion of water at 
the initial stage. Becker and his co-workers (1,2,3) developed a mathe- 
matical model based on Fick’s Law of diffusion which correlates both 
absorption and desorption data. 

The diffusion coefficients of water in four varieties of wheat, Ponca 
and Vernum representing hard wheat, and Seneca and Brevor repre- 
senting soft wheat, measured at various temperature levels, are re- 
ported in this paper. The maximum temperature of 98.3°C. at which 
the measurement was made was considerably higher than that of 
70.5°C, attained in previous measurements (1,2). 
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Theoretical Aspect 
The diffusion coefficient is defined by Fick’s Law as (6): 
Oc ec 
where D is the diffusion coefficient, c is the concentration of diffusing 
substance at a point in a solid, x, y, and z are Cartesian coordinates of 
the point under consideration, and @ is the diffusion time. Becker 
(1) demonstrated that equation | is integrated for the particle of 
arbitrary shape under the assumption that the surface-to-volume 
ratio, $/V, remains constant as: 

a 2 


in which c is the average concentration, c, the 


D 


Co — Cy 
initial concentration, and c, the concentration at bounding surface, 
X = S/V Y Dé, and B = a dimensionless constant. If the concentration 
term is represented by the moisture content on a weight basis: 


where © = 


C= We (3), 
m, — m, 
in which m is the average moisture content at the given immersion 
time, m, is the effective surface moisture content, and m, is the 
initial moisture content (moisture contents expressed in g/g). Equa- 
tion 2, then, can be written as follows: 
M=1-—*_x + Bx? (4). 
Vr 
For small values of X, equation 4 approximates to: 


1-M= (5), 


or, in terms of experimental variables: 
m—m,=KY06 


where K = — (m, — m,) <-> (6). 


Becker (1,2) demonstrated that this equation was valid up to a 
moisture level of 0.57 g/g in wheat kernels. 


Materials and Methods 
The varieties of wheat used in this study were Ponca (hard wheat), 
Vernum (hard wheat), Seneca (soft wheat), and Brevor (soft wheat). 
The pycnometer method was applied to measure the initial densities 
of wheat. A 50-cc. pycnometer with toluene as the fluid was used with 
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5-g. samples of wheat. Densities of Ponca, Vernum, Seneca, and 
Brevor wheats used were 1.357, 1.315, 1.312, and 1.345 g/cc respec- 
tively. Protein contents of Ponca, Vernum, Seneca, and Brevor wei: 
12.7, 13.85, 10.5, and 9.63% respectively. 

The initial moisture contents were 15.6% (dry basis) for Ponca, 
14.72% (dry basis) for Vernum, 13.4% (dry basis) for Seneca, and 
11.05% (dry basis) for Brevor. 

To estimate the sphericity, the porosity was calculated by using 
the bulk and true densities of wheat. After the porosity was known, 
sphericity was estimated from the plot of sphericity as a function of 
porosity (4). The estimated sphericities were approximately 0.91 for 
Ponca, 0.90 for Vernum, 0.84 for Seneca, and 0.91 for Brevor. The 
values of the sphericity of Ponca, Vernum, and Brevor were identical 
with that of Thatcher wheat estimated by Becker (1,2). 

The volume-to-surface-area ratio was then evaluated by using the 
formula (1), V/S = wp r,/3, where y is the sphericity, and r, is the 
radius of a sphere with volume equal to that of the wheat kernel. The 
values of the volume-to-surface-area ratio, V/S, for Ponca, Vernum, 
Seneca, and Brevor wheats were found to be 0.0547, 0.0607, 0.0504, 
and 0.0597 cm. respectively. 

Twenty-gram samples of wheat were placed in wire gauze baskets 
and immersed in a stirred water bath controlled within 0.5°C. of the 
set temperature. The pH of the steeping water used in this study 
ranged from 7.5 to 8.0. Experiments were carried out with temper- 
atures ranging from 26.7° to 98.3°C., and for immersion periods from 
several minutes to 8 hours. At the end of each immersion period, each 
sample was quickly removed from the water bath and superficially 
dried on a large filter paper (2). After the surface water on the wheat 
kernels was removed, the weight of the sample was determined. 

To evaluate the effective surface moisture content, samples were 
prepared with initial moisture contents ranging from 15.6 to 52.4% 
(dry basis) for Ponca, from 14.7 to 38.4% (dry basis) for Vernum, 
from 13.4 to 42.7% (dry basis) for Seneca, and from 11.05 to 34.5% 
for Brevor. Samples were immersed in water at 30° and 70°C. and 
their final moisture values were measured after 15 minutes. 


Results and Discussion 

The relation between moisture gain and the square root of the 
immersion period is shown in Fig. | for Vernum wheat. Results for 
other wheats were similar to those of Fig. | for Vernum wheat. There 
was a rapid moisture pick-up by capillary action at the moment 
wheat kernels contact water. This moisture pick-up by capillary 
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action, m,, increased slightly and linearly with increasing temper- 
ature. The increase was approximately 2% at 30° and 4% at 90°C. 
for each variety of wheat. As indicated in Fig. 1, m, was subtracted 
from the total moisture gain since m, was due to a phenomenon 
other than diffusion (2). 


asf 


VERNUM WHEAT 
Ms: 0.1472 g./g. 
s 
4 :80T. ©:40T. 
@ :70%. @:306. 
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L L 
30 40 50 60 70 BO 
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Fig. 1. Linear relation between moisture gain and square root of absorption time 
for Vernum wheat. 


Ranges of validity of equation 6 were different for hard wheat 
and soft wheat. It was smaller for the latter, especially at high 
temperatures. The slopes of curves in Fig. | and similar figures for 
other wheats were obtained by the method of least squares. 

The values of effective surface moisture content, m,, required 
in evaluating the diffusion coefficients were measured at two temper- 
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ature levels as shown in Fig. 2 for Vernum and Ponca wheat (2). A 
similar figure was obtained for Seneca and Brevor wheat. The effec- 
tive surface moisture content for Ponca wheat was in close agreement 
with that for Thatcher wheat as measured by Becker (2). This result 
indicates that the effective surface moisture content is, for all prac- 
tical purposes, independent of temperature level. These values of 
effective surface moisture contents, which are equilibrium moisture 
contents for the diffusion process, should also indicate that the 
applicability of equation 5 or 6 above those moisture contents is 
empirical in nature. The applicability of Fick’s Law ceases above the 
equilibrium moisture content. The equilibrium moisture content may 
actually change continually with progress of water absorption owing 


PONCA WHEAT 
TIME 15min. 


@ ‘70°C. a 
© 30°C, 


VERNUM WHEAT 
TIME : 15 min. 


4 :70°C. 
4 :30°C. 
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Fig. 2. Moisture gain as a function of initial moisture content at 70° and 30°C., 
showing the linear regression on effective surface moisture contents for Ponca and 
Vernum wheat. 
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to the considerable structural change of wheat kernels. 
The diffusion coefhcients, D, could be evaluated from equations 
5 and 6 after the effective surface moisture contents were known. 


v=[¥ 


The diffusion coefficients obtained are listed in Table I. Figure 3 
for Vernum and Brevor wheat shows the diffusion coefficients cal- 
culated from experimental data as a function of the reciprocal of 
absolute temperature. A similar figure was also obtained for Ponca 
and Seneca wheat. These figures show Arrhenius relation for the 


E 
diffusion coefhcients, D = D, exp (— RT” in which E is the activation 


energy, and D, is the constant. The constant (frequency factor), D,, and 
the slope, (E/R), of the linear regression of the Arrhenius relation were 
estimated by the method of least squares. 


TABLE I 
DtrFusion COEFFICIENTS 


Vaniery oy Waeat 


Ponca Vernum Seneca 


Dx 10° Dx 108 Dx 10° 
cm*/sec cm®/sec cm*/sec 


2.7 3.1 
2.2 
4.4 


6.0 6.0 
5.0 
10.3 12.8 
72 
13.8 
18.2 22.3 
27.5 


41.1 
75.4 


118.6 


245.6 


It can be seen that a poor correlation by the Arrhenius relation 
results when the diffusion coefficients are correlated in a single linear 
regression for each variety of wheat. D at high temperature deviates 
markedly from a single regression. Careful inspection indicates that 
every plot of the Arrhenius relation shows consistently concave cur- 
vatures. The best linear correlation, however, is obtained when the 


é 

D x 108 

re 26.7 

30.0 2.7 

$2.2 

37.8 

40.0 5.3 

48.9 

| 54.4 

60.0 16.3 

65.6 4 

. 69.4 30.0 

70.0 23.3 26.2 

76.7 

80.0 48.1 53.8 

ap 81.7 

82.2 61.8 

z 86.0 75.2 89.1 
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— © ——TWO LINES CORRELATION FOR VERNUM 
————— SINGLE LINE CORRELATION FOR VERNUM ~ 
—— ©—— TWO LINES CORRELATION FOR BREVOR 
\ -------- SINGLE LINE CORRELATION FOR BREVOR 
peasexicte 
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Fig. 3. Diffusion coefficient as a function of the reciprocal of absolute temperature 
for Vernum and Brevor wheat. 


data are divided into two parts as shown in Fig. 3. 


Activation energies, E, and constants, D, in a single regression 
line and two regression lines of the Arrhenius relation are presented 
in Tables If and III. 
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TABLE Il 
Tue Constants, D,, AND ENERGIES OF ACTIVATION, E, IN SINGLE LINE CORRELATION 
OF THE ARRHENIUS RELATION 


D, 
cm" /sec kcal/mol 
Ponca 142 13.3 
Vernum 52.7 13 
Seneca 6.3 114 
Brevor 86 13.3 
TABLE Ul 


Tue Constants, D,, AND ENERGIES OF ACTIVATION, E, IN TWo-LINE CORRELATION OF 
THE ARRHENIUS RELATION 


VaRiery oF Rance oF D E AE 


c cm" /sec kcal/mol % 

Below 65 4.7 11.2 

Ponca 71.0 
Above 65 19.2 
Below 6 

Vernum 63.2 
Above 65 78x1 16.5 
Below 65 102 

Seneca 39.3 
Above 65 390 14.3 
Below 65 0.59 116 

Brevor 50.6 


Above 65 3.5x10 17.4 


The diffusion coefficients and activation energies at temperatures 
below about 65°C. fall within the range of the diffusion coefficients 
and the activation energy evaluated by Becker (2) for Thatcher wheat. 
The diffusion coefficients at temperatures below this are almost inde- 
pendent of variety of wheat in contrast to Fraser and Haley's results 
(2). 

The activation energies at temperatures above 65°C., however, 
markedly increase for each variety of wheat. The increase is from 
40 to 70%, of the values below 65°C., with hard wheats generally 
showing greater increase than the soft wheats. 

It appears that the rise in the value of E may be associated with 
thermal change of the molecular structure of wheat, specifically due 
to the starch gelatinization and protein denaturation (3; and personal 
communication from H. A. Becker). Gross changes in the macro 
structure which would affect the diffusion properties also could 
cause the change in activation energies. Gelatinization of starch and 
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protein denaturation are complex problems, In fact, there is still no 
clear picture of the mechanism of granule gelatinization and protein 
denaturation. It can be expected, however, that the gelatinization of 
starch and protein denaturation take place rapidly above 65°C. 
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Endosperm cells of, protein 
granules in (Duvick) 

Fat acidity in, determined by 
colorimetric method (Baker) 

High-amylose 

effect of steeping time on wet- 
milling (Anderson, Vojno- 
vich, and Griffin) 

wet-milled for genetic study 
(Anderson, Vojnovich, and 
Griffin) 

Kafir; microbial ‘spoila e in; ef- 
fect on, of chloropicrin, 
ethylene dibromide, ethy- 
lene oxide, and methyl bro- 
mide (Srinavasan and Ma- 


jumder) ...... 
Zein (purified) prepared from; 


316 
309 
| 393 8 
281 
207 
294 113 
| 316 
386 
294 14 
: hydrate 356 
Carbonyl compounds 
165 
374 
76 
374 
198 
47 
133 
84 

281 
272 
529 
516 
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adsorption-desorption pro- 
cedure (Craine, Freimuth, 


Boundy, and Dimler) 
Corn endosperm; steeping studies 
(Watson and S 
Corn starch 


Effect of various enzymes on 
(Leach and Schoch) 
High-amylose 
effect of steeping time on wet- 
milling (Anderson, Vojno- 
vich, and Griffin) __. 
intermediary fractions (Whis- 
tler and Doane) 
wet-milled (pilot-plant scale) 
for genetic study (Ander- 
son, Vojnovich, and Griffin) 
L(+)-Cysteine hy ; effect 
of, on bromate reaction in 
dough (Bushuk and Hlynka). 
Corn wet-milling 
Of high-amylose corn 
experimental, for genetic 
study (Anderson, 
and Griffin) . . 
for effect of 
(Anderson, Voj 
Griffin) , 
one = studies with corn en- 
— sections (Watson 
and Sanders) ... ate 
Crumb (see also Bread crumb) 

Of starch bread; structure for- 
mation and improving effect 
of glyceryl monostearate 
(Jongh) .. 

Cumene ydroperoxide; effect on 
bromate reaction in one 


(Bushuk and Hlynka) . 


Damaged starch, see Starch, dam- 
aged 


Diffusion coefficients of water in 
wheat kernels (Fan, Chung, 
and Shellneberger) 

Dispersion of protein (cereal) by 
chloroethanol (Tschoegl) .. . 

Dough(s) (see also Extensigraph 

and Farinograph studies) 
With bromate, Br*-labeled; note 
on self-diffusion (Lee and 
Tkachuk) .... 
Bromate reaction in 
effect of continuous mixing 
and flour particle size 
(Bushuk and Hlynka) 
effect on, of: granular starch, 
gluten, lipids; 
and of cumene hyd paperos- 
ide, n-propyl gallate, but 
lated hydroxyanisole (Bu 


399 


309 


. 116 


516 


. 194 


178 


SUBJECT INDEX 


uk and Hlynka) ......... 
effect of reducing agents 
(Bushuk and Hlynka) ..... 
Farinograph absorption; con- 
stant-flour data converted 
to constant-dough (Hlynka, 
Kuzina, and Shuey) ...... 
Improving effects in 
bromine, chlorine, chlorite, 
hypobromite, and hypo- 
chlorite; compared with ef- 
fects of bromate and iodate 
(Bushuk and Hlynka) .... 
glyceryl monostearate 
(Jongh) 
Macaroni; farinograph technique 
for (Irvine, Bradley, and 
Martin) 
Mixing of, continuous; effect on 
bromate reaction in (Bushuk 
and Hlynka) 
Mobility of, vs. absorption; far- 
inograph study (Louw and 
Krynauw) 
From starch; structure formation 
and emulsifier effect (Jongh) 
Structural relaxation of, indicat- 
ing effect of bleaching on 
flour (Jaska) .... 
Sulfhydryl groups in; accessibil- 
ity (Bushuk) 
expansion apparatus; 
estimating wheat quality (Mil- 
ler, Whiteside, and Kalb- 
Durum products, see individual 
products 
Dye-staining, see Techniques 


Electrolytic resistivity changes, for 
measuring flour particle size 
distribution (Irani and Fon A 

study of 
is, see Techniques 

Emulsifiers 


Complexes with amylose (Os- 
man, Leith, and Fles) .... 
Glyceryl monostearate; effect on 
ability of starch to form struc- 
tures (Jongh) 
Enzymes, see specific enzymes 
Enzyme activity; effect on swelling 
power and solubility of corn 
starch (Leach and Schoch) . 
Ethylene dibromide and ethylene 
; effect on microbial 
spoilage of moist kafir corn 


140 


153 


. 140 


(Srinavasan and Majumder)... 5 


Extensigraph studies 
For effect of -SH-blocking 


22 
386 
34 
= 
94 
393 
251 
|| 
— || 
; 
|| 
178 
l 
140 
94 
22 438 
140 
4 
449 
4 
a 


agents on oxidation of wheat 
flour (Sullivan, Dahle, and 
eff of hal 

or improving ect 
genates in dough (Tkachuk 
and Hlynka) 


of proteins (wheat and 

flour), buffer-soluble (Coates 
and Simmonds) 
Farinograph studies 

For characteristics of macaroni 

doughs (Irvine, Bradley, and 

Martin) 
Constant-flour absorption con- 
verted to constant-dough ba- 


sis (Hlynka, Kuzina, and 
Shuey) 

Dough mobility vs. absorption 
(Louw and 


For effect of bleaching on flour, 
as measured by structural re- 
laxation of dough (Jaska) 

For effect of -SH-blocking 
agents on oxidation of wheat 
flour (Sullivan, Dahle, and 
Nelson) 

Starch-water mixture; for effect 


of glyceryl monostearate 
Fi id col 
‘at acidity in n, rapid colori- 
metric for" determin: 
ing 
Fatty acids 


Complexes with amylose (Os- 
man, Leith, and Fles) 

Free, in germinating wheat; 
changes in, map by dye- 
adsorption technique (Pomer- 
anz and Shellenberger) 

Fermentation 

Panary; carbonyl compounds 
arising during (Kohn, Wise- 
blatt, and Fosdick) 

Pre-ferments; carbonyl com- 

in identification (Mil- 
ler, Johnson, and Robinson). . 
Flavor o 

From carbonyl compounds aris- 
ing during panary fermenta- 
tion (Kohn, Wiseblatt, and 
Fosdick) 

From carbonyl compounds pr 
duced in pre-ferments (Miller, 
Johnson, and Robinson) 

From isomaltol and maltol 
(Hodge and Nelson) 

With maltol and related com- 
pounds (Hodge and Moser) 
Flour(s) (wheat, unless otherwise 

specified) (see also succeed- 
ing entries) 


SUBJECT INDEX 


281 


153 


. 122 


§ 


221 


and Krynauw) .......... 
Alpha- activi in (wheat 
and rye), for deter- 
mining (Hagberg) ... 202, 

Cake, see Cake entries 

Color, see Color, of flour 

Effect of bleaching, as measured 
by structural relaxation of 
dough (Jaska) 

Extraction rate of; estimated by 
dye-adsorption technique 
(Methyl green) (Pomeranz 
and Shellenberger) 

Oxidation of 

effect of -SH-blockin 
on (Sullivan, Dahle 
Nelson) 

isolation of thioctic acid (Sul- 
livan, Dahle, and Peterson) 

measurement of -SH roups 
(Sullivan, Dahle, and Lar- 
son) 

Particle size of — 

distribution, measurements 
of (Irani and Fong) 
effect of, on bromate reaction 


in oo (Bushuk and 


and 


Hlynka) . 
Protein in, estimated by biuret 
test, modified (Pinckney) 


Proteins of, buffer-soluble; ex- 
traction, fractionation, and 
chromatography (Coates 
and Simmonds) . 

Quality of, microtests for (Elling 
and Barmore) ... 

Ottawa mill (Kemp, White- 
ae MacDonald, and Mil- 

Reclaimed from bran in small- 
scale finisher (Black, Fisher, 
and Irvine) 

Rye, wheat; alpha-amylase ac- 
— in; modified Wohlge- 
muth method for determin- 
ing (Hagberg) 

Whiteness of, see Color, Of flour 

Yields from Ottawa micro mill 
(Kemp, Whiteside, Mac- 
Do , and Miller) 

Flour fractions; cake, chloride con- 
tent of (Sollars) 

Flour improvers 

Bromate and iodate 
effect in dough, compared 
with sodium chlorite and 
other halogenates (Tkachuk 
and Hlynka) 
response in doughs with in- 
creasing PCMB (Sullivan, 


113 


556 
| l 
241 
256 369 
386 
463 
272 | 
281 
178 
501 
47 
256 
| 349 4 
165 
507 
165 
393 | 
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Dahle, and Nelson) 
Fluorescence; with acridine orange, 
for histochemical study of 
wheat and its milled products 
(Pomeranz and Shellenberger) 
Foams, thick; see Batters 
Formaldehyde, inhibiting mold 
growth during malting of 
wheat (Fleming, Johnson, and 
Miller) 
Fractionation (see also Flour frac- 
tions) 

Of corn starch, high-amylose; 
for study of intermediary frac- 
tions (Whistler and Doane) 

Of proteins (wheat and flour), 
buffer-soluble (Coates and 
Simmonds) 

ear microtome, see Tech- 


Fumigation: effect of chloropicrin, 
ethylene dibromide, ethylene 
oxide, and methyl bromide on 
microbial spoilage of moist 
kafir corn (Srinavasan and 
Majumder) 

Fungi (see also Molds); inhibition 
of, during malting of wheat 
(Fleming, Johnson, and Miller) 

Fungicides, for control during 
malting of wheat (Fleming, 


Johnson, and Miller) 


Galactosylisomaltol 


281 


Effect on bread flavor (Hodge 


and Moser) 


Preparation and properties 


(Hodge and Nelson) 

Gas retention; measured in Paley 
bottle; microtest for flour 
quality (Grosskreutz) 


34 
Geddes, William Findlay (Tarleton) 


Gelatin, thiolated; effect of, on 
bromate reaction in dough 
(Bushuk and Hlynka) 

Germination of barley grain 

In experimental malting with 
BOA and gibberellin (Linko, 
Linko, and Enari) 

Possible role of organic acids in 
(Wall, Swango, Tessari, and 
Dimler) 

Gibberellin; effect on malt quality 
and malt yield in barley 
(Linko, Linko, and Enari) 

Glutathione; effect of, on bromate 
reaction in dough Patek 
and Hlynka) . 

Glutelins 

In protein granules, intracellular 


1): iii 


309 
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deposition (Duvick) . 

Gluten (wheat, unless otherwise 
specified) 
(see also Flour fractions) 

Dispersed by chlorcethanol 
(Tschoeg]l) 

Effect on bromate reaction in 
dough (Bushuk and Hlynka) 

Electrophoretic composition and 
intrinsic viscosity (Cluskey, 
Taylor, Charley, and Senti) 

Structure of, lipoprotein model 
(Grosskreutz) : 

Glyceryl monostearate 

Improving effect of, on dough 

and bread structures (Jongh) 
Grain (see also specific grains) 

Fat acidity in, rapid colorimetric 
method for determining 
(Baker) 

Gramineae, carbohydrates of; XI 
(Gilles, Geddes, and Smith) 


Halogenates; improving effects of, 
in dough (Tkachuk and 
Hlynka) 

Hardness of wheat kernel, vs. 
moisture content (Katz, Col- 
lins, and Cardwell) 

Heat; effect of, on rice (gas- 
irradiated) (Hogan a 
man) 

Heat-treatment; effect of parboil- 
ing on B-complex vitamins in 
wheat (Sabry and Tannous) 

Heidenhain’s hematoxylin 

For protein granule study (Du- 
vick) .. 

Histochemical studies” 

Characterization of wheat and 
wheat products r Pomeranz and 

103, 


lasma- 
Rose- 


Protein granules of corn endo- 

sperm cells (Duvick) . 
Hydration in rice 

Characteristics after gas-plasma 
irradiation (Roseman, Hogan, 
Stone, and Webb) : 

Cracks formed during; effect on 
cookin uality (Desikachar 
and Su 

Effect on, of heat (gas 
irradiation) (Hogan a 


as-plasma 
Rose- 


man) j 
8-Hydroxyquinoline sulfate; inhib- 
iting mold growth during 


malting of wheat (Fleming, 
Johnson, and Miller) ... 


ions, reaction with protein 
-SH groups; method to deter- 


74 
103 
516 
316 
170 
325 
336 
251 
140 

47 

339 

529 393 
170 364 
170 432 

one 374 
133 

374 

423 

60 

407 
432 
309 

| 


558 


mine accessibility (Bushuk) 
Iodine affinity of amylose-surfac- 
tant complexes (Osman, Leith, 
and Fles) 
Iodine-potassium iodide 
For yellow stain in protein gran- 
ule study (Duvick) 
Irradiation (see also Radioactivity) 
Gas-plasma, of rice 
for effect of heat on hydration 
and cooking quality (Hogan 
and Roseman) 
effect on water-holding ca- 
pacity (Roseman, 
Stone, and Webb) 
Isomaltol 
Effect on bread flavor (Hodge 
and Moser) 
Preparation and properties 
(Hodge and Nelson) 
Isotopes, see 


Kafir corn, see Corn, Kafir 
Kinetics of bromate reaction in 


dough (Bushuk and Hlynka) 


Leavening, in cake batter; bubble 
mechanics study (Handleman, 
Conn, and Lyons) 

Light-scattering, see X-ray scat- 

tering 


In brewing adjunct cereals, rapid 
method for determining (Haas 
and Fleischman) 

Effect on bromate reaction in 
dough (Bushuk and Hlynka) 
Lipoprotein model of wheat glu- 
ten structure (Grosskreutz) 


Macaroni; torsional strength of, 
with Torsionmeter (Karacsonyi 
and Borsos) 

Macaroni doughs; farinograph 
technique for (Irvine, Bradley, 
and Martin) 

Maillard reaction, see Browning 
reaction 

Maize, see Corn 

a of wheat; control of fungi 

(Fleming, Johnson, and 

Malting procedure, with barley 
(experimental); yield in- 
creased 3)-benzoxazolone 
(BOA) (Linko, Linko, 
Enari 


) 
Maltol; effect on bread flavor 
(Hodge and Moser) 


s) 
For accessible -SH groups in 


438 


449 


60 
221 
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dough (Bushuk) 
Biuret (modified) 
for determining nitr 
tent of barley a 
(Jennings) 
for estimation of protein in 
wheat and flour (Pinckney) 

Chromatographic, see Tech- 
niques, Chromatography 

Colorimetric (see also Biuret) 

for fat acidity in grain (Baker) 

Colorimetric and modified Wohl- 
gemuth, for alpha-amylase 
in wheat or rye (Hagberg) 

For determining lipids in 
brewing adjunct cereals 
(Haas and Fleischman) 

“Falling number,” for determin- 
ing alpha-amylase activity 
in flour (Hagberg) 

For farinograph data; to convert 
constant-flour to constant- 
dough basis (Hlynka, Ku- 
zina, and Shuey) 

Modified Wohlgemuth, for de- 
termining relative amounts 
of alpha-amylase in mix- 
tures; application to malted 
wheat (Fleming, Miller, and 
Johnson 

With rice, for determining de- 

gree of milling (Hogan and 

Deobald) 

measuring particle size dis- 

tribution of flour; gravita- 

tional sedimentation, cen- 

trifugal sedimentation, mi- 

croscopic counting, sieving; 

electrolytic resistivity 
(Irani and Fong) 

simple calculation of dam- 
aged starch (Ponte and 

Rosen) . 

zein preparation; adsorp- 

tion-desorption (Craine, 

Freimuth, Boundy, and 

Dimler) 


en con- 
wheat 


For 


Methyl green dye technique, for 


estimating flour extraction 
rate (Pomeranz and Shellen- 
berger) 

Methyl bromide; effect on micro- 
bial spoilage of moist kafir 
corn (Srinavasan and Ma- 
jumder) 


Micromilling, see Milling, experi- 
mental 


Milling, experimental 

Bran finisher, small-scale (Black, 
Fisher, and Irvine) 

For flour quality (Elling and 


97 
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Barmore) 
Ottawa micro flour mill (Kemp, 
Whiteside, MacDonald, and 


Miller) 50 
Milling of rice; method of deter- 
mining degree of (Hogan and 

Deobald) 291 
Millon-Serra reagent, for protein 

granule study (Duvick) 374 


Mixes, cake; for study of bubble 
mechanics (Handleman, Conn, 
Lyons) 

Mixing of dough, see Dough(s), 
Mixing of; Extensigraph 
studies 

Moisture in wheat kernel 

Diffusion coefficients of (Fan, 
Chung, and Shellenberger) 
vs. Hardness (Katz, Collins, and 

Cardwell) 


294 


In corn, kafir, stored; treatment 
with volatile chemicals 
(Srinavasan and Majumder) 529 

In malted wheat, vs. presence of 

fungal alpha-amylase 

(Fleming, Miller, and John- 

son) 


NEML, see N-ethylmaleimide 

N-ethylmaleimide (NEMI); effect 
on dough mixing characteris- 
tics (Sullivan, Dahle, and Nel- 


479 


son 
Niacin, in wheat; effect of parboil- 
ing on (Sabry and Tannous) 
Nitrogen 
arley and wheat; determina- 
tion by colorimetry (Jennings) 
In corn; changes in chemical 
composition and distribution 
during kernel development 
(Bressani and Conde) 


Oxidation of wheat flour 
Effect of 
28 


536 


76 


agents (Sullivan, Dahle a 
Nelson) 
Isolation of thioctic acid (Sulli- 
van, Dahle, and Peterson) 
Sulfhydryl groups measured 
(Sullivan, Dahle, and Larson) 272 
Oxidizing agents, see Flour im- 
provers; Oxidation of wheat 


1 


Parboiling; effect on B-complex 
vitamins in wheat (Sabry and 
Tannous) 

Particle size, see under Flour 

Pastry, flavor of, with maltol and 

related compounds (Hodge 


SUBJECT INDEX 


Pekar test for flour color (Croes). 8 
Pentosans 
Effect on bromate reaction in 


dough (Bushuk and Hlynka) 


316 
Water-soluble, in “soluble 
starch” of bread (Gilles, Ged- 
des, and Smith) 
Pie crust, see Pastry 
Pigment, in bran; intensity in 
— polished to different 
egrees (Srirangarajan, Desi- 
kachar, Indiramma, and San- 
karan) 
Polysaccharides, water- soluble, 
from bread crumb; constitu- 
tion (Gilles, Geddes, and 


391 


229 


Beal gallate; effect on bromate 
reaction in dough (Bushuk and 
Hlynka) 316 

Protein(s) (see also Protein granules) 

In barley, wheat; 
by colorimetry (Jennings) 
y 


Cereal, dispersed 
nol (Tschoeg]) ........ 

Composition in hard vs. 
wheat (Cluskey, Taylor, 
Charley, and Senti) + 

Of flour 

accessible -SH groups of in 
dough (Bushuk) .. 

buffer-soluble; fractions iden- 
tified (Coates and Sim- 

In gluten, structure of; lipopro- 
tein model 

In wheat, estimated by biuret 
test (modified) (Pinckney) 

In — kernel; distribution 

by dye- adsorption 
technique (Pomeranz and 
Shelledberger) 

Zein (purified) prepared from, 
by _adsorption-desorption 
procedure (Craine, Frei- 
muth, Boundy, and Dim- 

Ter) 399 

Protein gr. 
cells (Duvick) . 874 


Quality of flour, see under Flour 
Quality of wheat, see under Wheat 


usion 

Tkachuk). 
ing agents; effect of, on bro- 


336 
501 


109 


194 


PCMB, see para-Chloromercuriben- 
zoate 8 
4 
540 
364 mith 
i Molds Pre-ferment process, see Fermenta- x 
281 
467 
flour 
= 
7 
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mate reaction in dough 
(Bushuk and Hlynka) 

Rheology of dough, see Farino- 
graph studies 

Riboflavin, in wheat; effect of par- 
boiling on (Sabry and Tan- 
nous) 

Rice 

Bran of, residual; amounts vary- 
ing with degree of polishing 
of grains (Srirangarajan, De- 
sikachar, Indiramma, and San- 
karan) 

Cracks in, formed during wet- 
ting (Desikachar and Subrah- 
manyan) 

Irradiated, gas-plasma; effect of 
heat on hydration and cook- 
ing quality (Hogan and Rose- 
man) 

Method of determining degree 
of milling (Hogan and Deo- 
vald) 

Milled; effect of irradiation on 
water-holding capacity (Rose- 
man, Hogan, Stone, and 


Webb) 
Polishing of, to different de- 
grees; variations in residual 


bran (Srirangarajan, Desika- 
char, Indiramma, and Sanka- 
ran) 

Rye; alpha-amylase activity in 
(four and grain); modified 
Wohlgemuth method for de- 
termining (Hagberg) 


Sedimentation techniques, centrifu- 
gal and gravitational; for 
measuring flour particle size 
distribution (Irani and Fong) 

ina; farinograph characteris- 

tics (durum from different 
years) (Irvine, Bradley, and 
Martin) 

Sieving; for measuring flour par- 
ticle size distribution (Irani 


hydride; effect of, on bromate 
reaction in dough (Bushuk and 
Hlynka) 
“Soluble starch,” see under Carbo- 
hydrates, Polysaccharides 
Spectrophotometry, see Techniques 


Starch(es) (see also Starch granules) 


Amylose 
complexes with surfactants 
(Osman, Leith, and Fles) 
Arrowroot, corn, potato, rice, 
sago, sorghum, tapioca, 
waxy maize, waxy sorghum, 


309 


536 


391 


423 


391 


241 


449 


wheat; resistance to amylase 
(Leach and Schoch) 
Corn, see Corn starch 
Damaged; simple calculation for 
(Ponte and Rosen) 
Granular; effect on bromate re- 
action in dough 
Structure-forming ability of, and 
effect of emulsifier (Jongh) 
Starch granules 
From corn endosperm, steeping 
study (Watson and Sanders) 
Structure of; dissolving action 
of various amylases (Leach 
and Schoch) 
Steeping studies 
Corn endosperm; 
starch granules 
High-amylose corn; effect of 
time on wet-milling (Ander- 
son, Vojnovich, and Griffin) 
Storage studies 
With corn, kafir; effect of chloro- 
picrin, ethylene dibromide, 
ethylene oxide, and methyl 
bromide on microbial spoilage 


release of 


in (Srinavasan and Majumder) ! 


With wheat; zone electro- 
phoresis patterns as index of 
condition (Linko) 

Structural relaxation of dough 

Effect of bleaching on flour, 
measured by (Jaska) 

Structure 

Of corn endosperm cells (Du- 
vick) 

Of wheat gluten; 
model (Grosskreutz) 

Of wheat kernel; histochemical 
study; dye-adsorption tech- 
nique (Pomeranz and Shellen- 
berger) 

Structures 
Dough and bread; formation of 


in crumb of starch bread 
(Jongh) 
For maltol and isomaltol 
and Nelson) 
Sulfhydryl groups 


In dough; accessibility of, and 
factors controlling it (Bushuk) 
In flour; measurement titra- 
tion with mercuric chloride 
(Sullivan, Dahle, and Larson) 
In wheat kernels; localization by 
histochemical procedure (Pom- 
eranz and Shellenberger) 
Sulfhydryl-blocking agents; effect 
on oxidation of wheat flour 
(Sullivan, Dahle, and Nelson) 
Surface-active agents, see Surfact- 


lipoprotein 
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ants 
Surfactants; complexes with amyl- 
ose (Osman, Leith, and Fles) 
Techniques (see also Extensigraph 
; Farinograph studies; 


Methods) 
Chromatography 256, 407, 463, 
Colorimetry .....47, 241, 467, 
Dye-staining .. 108, 109, 113, 
Electrophoresis . . 187, 256, 325, 


Freezing microtome 

Sedimentation 

Spectrophotometry 
Colorimetry) 

Temperature 

Effect on farinograms of semo- 
lina (Irvine, Bradley, and 
Martin) 

Effect on hydration characteris- 
tics of rice at time of irra 
tion and vacuum treatment 
(Hogan and Roseman) 

vs. Water diffusion in wheat 
kernel (Fan, Chung, and Shel- 
lenberger) 

Thermostability of 
(Fleming, Miller, and John- 
son) . 

Thiamine, in wheat; effect of par- 
boiling on (Sabry and Tan- 
nous) 

Thioglycolic acid; effect on bro- 
mate reaction in dough (Bu- 
shuk and Hlynka) 

Torsional (bending) strength of 
macaroni and 
Borsos) 

Varietal studies 

With rice; for cooking quality 
when ’presoaked ( Desikachar 
and Subrahmanyan) 

With wheat 

difference in behavior with 
Ottawa micro mill (Kemp, 
Whiteside, MacDonald, and 
Miller) 

for kernel hardness vs. mois- 
ture content (Katz, Collins, 
and Cardwell) 

With durum wheats; farinograph 
study (Irvine, Bradley, and 
Martin) 

With wheat gluten; for electro- 
phoretic composition and 
intrinsic viscosity (Cluskey, 
Taylor, Charley, and Senti) 

With wheat kernel; water diffu- 
sion coefficients in (Fan, 
Chung, and Shellenberger) 

Viscosity of glutens from different 

wheat varieties (Cluskey, Tay- 


(see also 


449 


153 


14 


153 


325 


540 
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lor, Charley, and Senti) 

Vitamins; B-complex, in wheat; 
effect of parboiling on (Sabry 
and Tannous) 


Water; diffusion coefficients of, in 
wheat kernels (Fan, Chung, 
and Shellenberger = 

Water absorption by rice 

Amount, and effect of heat on, 
after gas-plasma irradiation 
(Hogan and Roseman 
(Roseman, Hogan, Stone, 


and Webb) 

Study of penetration ra 
soaking (Desikachar 
Subrahmanyan) 

Wheat 


Alpha-amylase activity in, modi- 
fied Wohlgemuth method 
for determining (Hagberg) 

Dark-grained; nitrogen content, 
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NEW! 


VISCO 


INTERCHANGEABLE 
SENSITIVITY CARTRIDG 


GRAPH 


time proven 
Viscometer 


amylo 


ZERO SUPPRESSION 
COOLING ATTACHMENT 


ATTACHMENT | with a new 


versatility 


WATER COOLED COVER 


by Brabender 


SPEED 
SELECTOR 


TACHOMETE 
AUTOMATIC TIMER 


Fully Recording 


Precision Thermoregulation 
(25°-97°C.) 
other ranges on request 


Cycle Timer Pilot Light 


Correlation between the new C. W. B. 
VISCO/amylo/GRAPH and ali o'her amylo- 
graphs and viscographs is guaranteed . . . 
even those of old design, if their torque 
springs are linear and their shaft pin point 
and bowl bearings are not worn or damaged. 


New VISCO/amylo/GRAPH 
with the same basic time 
proven design. Now, with 5 
tactory installed accessories 
of your selection, it can be 
“job rated” to suit your re- 
quirements. 


@ Solenoid Controlied 
Cooling Attachment 

@ Zero Suppression Attachment 

@ Interchangeable Sensitivity 
Cartridges (standard amylo- 
graph sensitivity plus 3 others) 


@ Water Cooled Stainless Steel 
Sample Bowl Cover 


@ Stepless Variable 
Speed Control 


Write or call C. W. BRABENDER, president, for free diagnostic 
service and modernization of old style models at nominal cost. 


Brabender 


Instruments, Inc. DIAMOND 3-8425 


50 E. WESLEY STREET 
S. HACKENSACK, 


NEW JERSEY 
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BACK AGAIN 


‘The Preparation of 
Mlustrations and “ables 


J. Ansel Anderson 


This famous little booklet is now in its 3rd printing 
after being off the market for almost a year. Over 
2,000 copies have been circulated since its appear- 
ance in 1945. Some of the topics covered: 


¢ How to organize your graphs 
¢ What size drawing pen to use 
Bargraphs or histograms 
How to organize data for tables 
When to use leader tables 
Illustrations and tables for visual presentation 


Price: $1.00 
32 pp. 
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INSIDE 
LOOK 

AT FLAVORS 

THAT SELL 


Look closely at a successful packaged mix. Taste the finished product, compare it. Why is 
it some flavors have compelling consumer appeal? 


IFF flavors sell and resell for two important reasons. They are exclusively designed for 
your product, your markets—and they are the finest flavors available. IFF flavors are pro- 
duced to withstand baking temperatures and to provide increased stability and shelf-life. 
They have stimulated new product ideas and created brand-building sales the world over. 


To manufacturers interested in selling abroad, IFF can supply your flavor—uniform in 
taste—from any of its plants throughout the Free World. 


For an inside look at flavors designed to sell your products, contact IFF. 


FLAVOR DIVISION 


e 
i INTERNATIONAL FLAVORS & FRAGRANCES INC. 
417 Rosehill Place, Elizabeth 2, N. J. 

Leading Creators end Manufacturers in the Werld ef Flever 
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BUILDS SALES... yet never costs a penny! 


Manufacturers of cereal products satis- 
fied with only the finest quality ingre- 
dients have for decades been using 
Sterwin (1) enrichment, (2) color and 
(3) vanillin. The result has been bread, 
flour, cookies, breakfast foods, macaroni, 
corn grits and other cereal products that 
are more nutritious . . . look better, 
taste better . . . sell better. 

STERWIN's 4th “‘ingredient™’ has 
played a major role, too, in much of 
this sales success . . . and never cost a 
penny! For this “ingredient”’ is STERWIN 
Service . . . practical suggestions and 
recommendations by STERWIN’s Tech- 
nically Trained Representatives that fre- 
quently cut production costs while help- 


ing turn out betterselling cereal products. 

These STERWIN Representatives are 
highly trained, broadly experienced mea 
who constitute a nationwide, on-the- 
spot task force for the more efficient 
production of cereal products. Small, 
medium and large cereal products man- 
ufacturers have saved time, money, labor 
as a result of the sound advice and 
counsel offered by ‘these sales-minded 
technicians. 

If you use enrichment, color, vanillin 
. .. See your STERWIN Representative or 
write us direct. Learn how the 4 STERWIN 
ingredients can help make your products 
more nutritious . . . look better, taste 


better . . . SELL betier. 


of Steriing Drug inc 
1450 BROADWAY, NEW YORK 18, N.Y. 
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Sergent & Co. 


NEW 


SARGENT 
ANALYTICAL OVEN 


@ Heat Transfer By Radiation 
And Conduction 


@ Over Four Square Feet Of 
Working Area 


@ All inside Metal Areas And Air 
Volume Coincident in Tem- 
perature Within +2%°C 
Whether Unioaded Or Fully 
Loaded 


@ Direct Reading, Single Turn 
Temperature Adjusting Dial 


®@ Operating Range, 35° to 200° C 


@ Temperature At Any Point 
Constant Within +%°C 
Whether Unloaded Or Fully 
Loaded 


@ Removable Locking Shelves 
Will Not Tip 


S-64080 OVEN—Analytica!l, Radiation-Conduction Type, 
Double Wall, 200° C, Sargent. 
Range, 35° to 200° C; inside width, 14 inches; inside height, 13 inches; inside 
depth, 12 inches; outside width, 19 inches; outside height, 224% inches; outside 
depth, 16 inches; net weight, 60 Ibs. Complete with three shelves and thermom- 
eter. For operation from 115 volt, 50 or 60 cycle A.C. circuits........ 


For complete information 
write for Bulletin SO. 


&.+H. GARGENT & CO., 4647 WEST FOSTER AVE., CHICAGO 30, ILLINOIS 
OETROMT 4. MICH. DALLAS 35. TEXAS + BIRMINGHAM 4. ALA. cau. 
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Shownee Milling Co., ieaaeh, Oklahoma; 5,100 sacks wheot flour; 
1,200 sacks corn meol: 250 tons mixed feed; mill elevator storage 2,500,000 bu 


SHAWNEE MILLING COMPANY 
SCALPS MILLING COSTS 


With W&T Flour Treatment 


At Shawnee Milling, mill managers control some of their costs with 
dependable Wallace & Tiernan equipment and processes. They know that 
quality, cost, and good running time go hand in hand—that they can 
depend upon W&T to keep its bleaching and maturing processes running 
—that stoppages won't turn flour into the “dirty” bin for costly reblending 


And Shawnee uses W&T’s flour treatment not only for dependability but 
for performance: 


@ Dyox® for fresh, sharp chlorine dioxide gas, made as it is used... 
precisely metered as a gas not a liquid. 


®@ Novadelox® for best color removal, ease of application, consistent 


© Beta Chlora® machines for pinpoint pH control with one, easily-read 


Shawnee Milling Company is only one of the many milling companies 
using W&T flour treatment. If your mill is not one of these, investigate 


the advantages of Wallace & Tiernan’s complete flour service. 


NOVADEL FLOUR SERVICE DIVISION 
WALLACE & TIERNAN INCORPORATED 


25 MAIN STREET. BELLEVILLE 9. NEW JERSEY 
REPRESENTATIVES IN PRINCIPAL CITIES 
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